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The  gl-isshoase  studL'SS  showed  that  plant  dr/  matter 
yields  were  in  the  followin’]  orders  Crop  3>  Cco?  2>  Crop  1. 
In  all  three  crops,  soil  pH  was  increased  and  1 H KCl 
exchangeable  soil  A1  was  decreased  by  the  crop  residae 
treatment.  Treatments  effect  on  Hehlich  I extractable  soil 
nutrients  (P,  K,  Ca,  Hq,  fe,  Cu  and  ZnJ  earied  from  crop  to 
crop,  ^e  nutrient  release  was  dependent  upon  the  stags  of 
residue  decomposition.  Other  factors  such  as  initial  rssidue 
nutrient  concentration,  C:N  ratio  and  the  addition  of 
inorganic  H played  an  important  role  in  mlnecalization  and 
Immobilisation  of  nutrients  (N  and  Hehlich  I extractable)  In 
the  soil.  Addition  of  100  kq  N/ha  was  sufficient  for  maximum 
growth  with  0.0  mt/ha  of  corn  residue,  but  the  same  amount 
of  H was  only  sufficient  for  2.0  mt/ha  of  all  other  types  of 
residue.  In  Crop  1,  the  soil  CiN  ratio  and  bulk  density  war? 
incrsassd  and  decreased  6%,  raspect ively.  In  Crop  1, 
only  F and  K upta)ces  were  increased  by  the  residue 
trsat-ments  and  N,  Ca  and  Hg  were  not. 

Laboratory  incubation  studies  (60  days)  indicated  that 
total  residue  decomposition  rate  (CO  2 evolution)  at  0.0 

(no  rssidue) . In  the  second  Incubation  experiment  for  every 
increment  of  2.5  mt  cesidue/ha,  the  decomposition  rate  was 
increased  about  231.  While  in  the  third  experiment,  for 
every  50  kq  of  N/ha  added,  the  decomposition  cate  was 


inec«as«a  about  12».  "iowavec,  N hal  no  e£Eeot  on  the 
decorapoaitlon  cate  a£  soil  oraanlc  rnatter. 

It  is  suggested  that  among  the  Cooc  residue  types  coco 
Is  a better  choice  than  oat,  rye  and  wheat  because  it  had 
higher  nutrients  concentration.  Corn  residue  decomposed 
faster  than  the  other  three  types  of  residue.  Planting  corn 
after  60  days  of  residue  tncocpo cation  Into  the  soil 
produced  a maximum  growth. 


CHAPTEa  1 

SENERAt  IMTBODOCTIOS 

Crop  residues  are  the  top  poctlon  oC  the  plants  whith 
are  not  harvested,  usually,  they  are  the  remaining  part  of 
the  plant  left  on  the  ground  after  the  seed,  fruit,  stem  or 
coot  has  been  removed,  Due  to  the  incceasing  costs  of 
inorganic  fertiliser  production  and  the  beneficial  effects 
of  crop  residues  added  to  the  soil,  agricultural  researchers 
and  farmers  have  realised  that  crop  residues  are  a very 
valuable  natural  resource.  If  the  residues  ace  properly  and 
efficiently  managed,  they  can  be  a very  important  energy  and 

Among  the  Several  beneficial  affects  of  returning  crop 
residues  to  the  soil  are:  reduction  of  soil  rrosion, 
(Skidmore  and  Siddoway,  197SJ,  return  of  nutrients  to  the 
soil  (Balasubcanian  and  Knadi,  1980),  attenuation  of  soil 
temperature  (Cruse,  1985),  increased  and/or  maintenance  of 
soil  organic  matter  (Barber,  1979;  Black,  1973  b) , 
improvement  of  aoil  structure  (Siddoway,  1983},  increased 
soil  water  retention  (Bond  and  }9illis,  1989} , generally 
increase  crop  yield  (Ferguson,  1967).  reduction  of  pollution 
(Fenster  et  al.,  1978),  improved  drainage  and  infiltration 
(Palrbourn  and  Gardner,  1972),  Increased  soil  microbial 


population  (Ootan,  1580)  and  provide  uildlife  habitat 
(Catlaon,  1935). 

The  disadvantages  of  leaving  crop  residues  on  the 
surface  ace  that  they  serve  as  a breeding  place  for  pests 
and  diseases  {Husick  and  Beasley.  1978;  williaos  and  Wicks, 
1978),  produce  phytotoxiclty  (Harper  and  Lynch,  1982; 
Patrick,  1971),  cause  weed  control  problem  (Cool;  et  ai., 
1970),  leave  a rough  seedbed  and  require  more  seeds  pec  land 
area  to  reduce  stand  loss  (Guensi  and  HoCalla,  1962). 

Residue  management  consists  of  leaving  residue  on  Che 
soil  surface  as  in  minimum  tillage,  burning  residue  in  the 
field,  removing  residue,  burning  as  an  energy  source  or 
incorporation  into  the  soil.  Facta  relating  to  crop  residue 
soil  incorporation  which  need  clarification  are;  time  of 
incorporation  before  planting,  type  of  residua  (source 
crop),  nutrient  release  rate  from  residue  and  the  effect  of 
w fertiliser  on  the  decomposition  cate. 

In  view  of  the  current  incteaaing  trend  of 
mulCiciQpping  and  minimum  tillage  practice  In  the 
Southeastern  United  states  (Lassiter,  1985),  mote  and  more 
crop  residues  are  left  on  the  ground  after  harvesting.  The 
factors  that  affect  residue  decomposition  need  to  be 
understood  in  detail.  Parameters  such  as  residue  type, 
residue  composition,  quantity  added  to  the  soil,  soil  pH, 
plant  nutrient  release,  temperature,  soil  water  content,  C*N 


Cdtio  anc3  soli  aecstlon  anj  ehalc  efCeot  on  scop  jrowch  nood 
to  be  e'/aluated. 

Mchougb  soiae  studies  such  as  the  eE fectiveness  of  crop 
tesldues  in  contcoUlnp  wind  and  water  erosion,  soil  water 
retention,  reduction  of  top  soil  reduction  and 
decreasing/iDaintaining  soil  organic  natter  ace  well 
documented,  infocnation  on  the  cumulative  effects  oE  crop 
residue  decomposition  on  Eectillty  and  management  of  sandy 
soil  is  very  scarce.  Etelatively  little  emphasis  has  been 
placed  on  the  influence  of  residue  types,  residue  cates,  and 
N cates  on  crop  residue  decomposition  in  Florida  sands. 

'Riecefore,  a series  of  experiments  was  conducted  in  the 
laboratory  and  glasshouse  to  study  the  crop  residue 
decomposition  In  a sandy  soil.  The  first  study  consisted  of 
consecutive  glasshouse  experiments  testing  the  effects  of 
four  residue  types,  four  residue  rates  and  three  ti  rates  on 
the  changes  in  soil  properties  and  corn  (lea  mays  L.) 
growth.  The  second  study  conaieted  of  three  laboratory 
Incubation  experiments  (€0  days  each)  comparing  Che 
different  types  and  rates  of  residues  with  and  without 
addition  of  M on  soil-residue  mixture  decomposition  rate  by 
measuring  CO  2 evolution.  The  purpose  of  the  first 
laboratory  experiment  was  to  evaluate  the  decomposition  rate 
of  Che  foot  residue  types  (corn,  oat  (Avena  sativa,  L.),  rye 
ISecale  cereale,  b. ) , and  wheat  (Ttitlcum  aestivum,  1. ) ] at 


a fixed  cesldue  cate  IS.O  <nt/ha)  without  inorganic  H added. 
The  second  expecL>ocnt  was  conducted  Co  compare  Che  decay  ac 
fouc  application  cates  {Or  2.5.  5.0.  7.5  aic/ha]  of  the  aasia 
residues  without  an  addition  of  inorganic  N.  and  a third 
experinent  was  conducted  to  evaluate  the  effect  of  N rates 
(0,  50.  and  100  kg/ha)  on  the  decomposition  of  the  same 

residues  at  a fixed  cate.  5.0  mt  reeidue/ha. 

The  overall  thrust  of  the  investigation  was  to  provide 
quantitative  information  on  the  decompoeltion  of  corn.  oat. 
rye  and  wheat  residues  in  a sandy  soil  and  on  their  effects 
on  soil  fertility  and  corn  growth. 


CHAPTER  II 
LITERATURE  RSVIEri 

Plant  Residue  Cowpoftition 

The  t»o  major  components  oC  plant  residues  are  organic 
and  mineral.  Alexander  <1977)  divided  the  organic 
constituents  of  plant  materials  into  six  broad  categorlesi 
(a)  cellulose  (15  to  60  dag/Xg  of  the  dry  ueight),  (b) 
hemicellulose  (10  to  30  dag/Xg  of  the  dry  »elght>,  (c) 
lignin  (5  to  30  dag/kg  of  the  plant}/  (d)  water  soluble 
fraction  (including  simple  sugars,  amino  acids  and  aliphatic 
acids)  <5  to  30  dagAg  of  tissue  weight),  (e)  ether  and 
alcohol-soluble  constituents  such  as  fats,  oil,  waxes, 
resins  and  e number  of  pigments  and  (f)  proteins  (mainly  V 

Alexander  (1377)  also  eetlmated  that  the  mineral 
constituents  of  plant  materials  by  ashing  was  between  1 end 
13  dag/kg  of  the  total  tissue.  The  water  soLubie 
conatituents,  proteins  and  mineral  content  decreased  with 
joaturity  but  cellulose,  hemicelluloecs  and  lignin  increased. 

Hausenbuiller  (1976)  identified  three  general  groups  of 
organic  compounds  in  plant  tissue  namely  carbohydrates, 
proteins  and  lignin.  Four  general  groups  of  carbohydrates 
synthesized  by  plants  ace  sugars,  starches,  hemicelluloses 


aid  cellulose.  The  slciplest  compounds  ace  sugacSj  oonsistlnp 
oE  flue  or  aia  C eco.ns  arranged  in  shore  chains.  ^11  other 
carbohydrates  ace  combinations  oE  simple  sugaeSr  mostly  or 
those  having  six  C atoros. 

Cellulose  Is  the  most  abundant  organic  component  in 
plant  tissue  and  henicellulose  is  the  second  (Alexander^ 
1977;  and  Hausenbuiller , 1978).  Cellulose  and  hemicelluloses 
ace  gradually  accumulated  In  plant  tissue  especially  in  Che 
straw  of  small  grains  and  the  stems  c£  woody  plants.  These 
two  carbohydrate  compounds  account  In  part  for  the  stiEEness 
acquired  by  maturing  plant  tissue. 

According  to  Stacey  I1978J,  cellulose  is  a remarkably 
puce  organic  substance  consisting  solely  of  units  of  glucose 
or  grape  sugar  held  together  in  a giant  straight  chain 
molecule.  8emicellulose  occurs  as  much  shorter  molecule 
chains  than  cellulose  and  it  is  derived  mainly  from  chains 
of  pentose  sugars  which  act  as  a cementing  material  holding 
together  the  cellulose  micalles  and  fibrils.  The  chemical 
structure  formula  for  cellulose  is  shown  below  (Morrison  and 
Boyd,  1974). 


Lignin  is  tnird  most  abundant  organic  constituent 
in  plant  tlssus  (Alexander,  1977;  (lausonbg illnr , 1973). 
Lignin  has  a large  and  a very  complex  molecule  containing  C 
In  six  atm  rings  as  well  as  in  short  chains.  An  important 
ieature  of  the  lignin  molecule  is  the  presence  of  -OH 
(Phenolic]  groups  which  are  linXed  to  the  C rings  as  shown 
to  the  right  ih  the  following  structural  formula 
(Hausenbuillet,  1978). 


According  to  Hausenbu iller  (1979)  the  H in  tlie  phenolic 
groups  can  be  removed  and  replaced  by  Ca^*  , Mg^'*'  , S*  , or 
other  cations  supplied  by  the  base. 

Larson  et  al.  (1978)  reported  the  average  N,  p and  R 
concentratioh  in  nine  leading  crop  residues  in  the  United 
States.  The  crops  were  barley  (Hordeum  vulgare  L.}.  CQrn(8ea 
mays  L.) , cotton  (Gossvo ium  hirsutum  L.) , rice  (Qrlaa  sativa 
L. ) . rye  (Secsle  cerea le  L. ) . sorghum  [sorghum  bi color  (L. ) 
Hoench),  soybean  [Glycine  max  [L. ) Herr.]  and  wheat  (Trlticum 
astivuBi  L.).  Die  hlgheat  N content  was  in  soybean  residue 
was  in  rye  (0.5  dag/Xg). 


dag/Kg)  and 


?ho9phocous  was  hi9hest  in  cotton  and  soybean  residues  (Q.22 
daj/lcg  in  each  residue)  end  Che  lowest  was  in  wheat  (Q.C}? 
dagA9)-  %e  K concentration  was  largest  in  oat  (1.65 
dag/kg)  and  snallest  in  rye  (0.70  dag/kg).  Larson  et  al. 
(1978)  also  reported  that  the  total  residues  production  by 
nine  major  crops  in  twenty  states  amount  to  303  nillion  mt. 
^ese  residues  were  estimated  to  contain  3.6.  0.5.  and  3.7 
million  mt  of  N.  P and  K.  respectively. 

Staniforth  (1979)  summarized  the  N.  P and  R 
concentrations  in  wheat  and  straw.  Nitrogen  concentration  In 
wheat  straw  ranged  Cron  0.30  to  0.70  dagAg,  In  rice  straw 
from  0.45  to  0.50  dagAg.  Hheat  and  rice  R concentration  was 
between  0.83  and  1.86  dagAg  and  0.87  and  1.49  dagAg. 
respectively.  The  F concentration  of  wheat  straw  was  between 
0.06  and  0.07  dag/kg.  and  in  rice  straw  was  between  0.06  and 
0.10  dag/kg.  He  also  showed  that  the  range  of  Ca 
concentration  in  wheat,  oat  and  barley  straws  were  0.12- 
0.25,  0.11-0.38,  and  0.15-0.42  dagAg,  respectively.  Sodium, 

dagAg.  respectively.  The  sane  elements  were  found  in  the 
oat  straw  in  the  range  of  0.25-0.33,  0.  07-0.  12  dagAg  for  Ha 
and  Hg,  respectively  and  0.013,  0.0015,  0.0004  and  0.076 


dag/kg  for 


Rriothec  rapocc  (Fenstet  et  al.,  1973)  ahowa'l  that  the 
»7acaje  eoitpoaltloo  oE  uheat  3cca>i  waa  90  daj  dry  aattec/kg, 
0.«7  dag  NAg,  0.07  dag  PAg>  0.97  dag  KAg  and  0.17  dag 
Ca/kg.  Robertson  {1977)  found  that  the  average  N,  P and  R 
cetuched  to  a Florida  soil  in  corn,  soybean,  oat  and  peanut 
residues  were  37,  19,  58  dag/kg,  respectively,  among  these 
residues,  peanut  {Rrach is  hvpoqae  L.)  had  the  highest  N,  p 
and  R concentration  54,  31  and  71  dag/kg  and  soybean  straw 
only  contained  17,  10  and  26  dag/kg. 

Pathak  et  al.  (1985)  characterised  the  properties  of 
ten  crop  residues  including  density,  equilibriun  moisture 
content,  calorific  value,  cellulose,  pentosan,  lignin,  C,  8, 
8,  Ha,  R,  P,  Hg,  Ca  and  SiO  concentration.  The  residues 
they  used  were  Arhar  stalks.  bagasse,  cotton  sticks, 
DHalncha  stalks,  peanut  shell,  maise  cobs,  aaise  stalks, 
rice  husk,  rice  straw  and  wheat  straw.  They  obsarved  that 
the  cellulose  concentration  of  all  residues  was  over  35 
dag/kg.  The  pentosan  concentration  varied  more  widely  than 
the  cellulose.  Lignin  concentration  also  varied  very  widely. 
In  general,  the  woody  casldues  had  a higher  lignin 
concentration  than  the  non-woody  residues.  Analysis  of  these 
residues  showed  that  the  C concentration  varied  from  3S.8  to 
53.3  dag/kg.  Sodium  and  Fig  were  highest  in  rice  straw. 
Potassium  concentrations  were  relatively  high  in  many 
teeldues  and  p ooneenttations  were  below  0.1  dagAg  in  all 


teslduefi  axcepc  in  pnnnut  shell.  Silice  contents  wets  high 

straw.  Large  aitounts  o€  5i  were  also  reported  in  rice  and 
wheat  strews  (JscKson,  1977}  end  Tanaka.  1973). 

Effects  of  aesidoe  Hanageitent 


The  long  and  short  term  effects  of  adding  crop  residaes 
to  the  soil  on  crop  yields  have  been  studied  by  nany 
researchers  (Black.  1973  a;  Black  end  Siddoway,  1979}  Doran 
St  al.,  1994}  Ferguson,  1997;  Sitika  et  al.,  1969;  Wilhelm  et 
al.,  19B6).  Ferguson  (1967)  reported  that  after  9 yr  of 
repeated  application  of  straw  with  continuous  cropping, 
wheat  and  oat  yields  increased.  The  treatments  were  □.  4494 
and  8967  kg  residus/ha.  The  study  was  conducted  for  10  yc  on 
iliniota  sandy  loam  soil  in  Canada.  The  wheat  yields  with  0, 
4484  and  8967  Kg  straw/ha  were  0.88,  0.89  and  1.21  Ag/ha 

respectively.  The  oat  yields  for  the  same  treatments  were 
1.46,  1.88  and  1.89  Mg/ha.  dowever,  the  yields  were  only 
increased  by  treatments  after  eight  yr  of  residue 
application. 

Smlka  et  al.  (1969)  studied  the  effects  of  straw  mulch 
on  wheat  grain  yield  in  Colorado,  Nebraska,  and  Hontana  over 
six  yr  period  from  1962  through  1968.  Their  studies  showed 


11 

that  the  yields  were  positleely  correlated  with  soil  water 
content  at  seeding,  Soil  water  content  et  seeding  was 
increased  with  increasing  straw  mulch  cates.  The  straw  mulch 
cates  applied  were  168D.  IISO  and  6720  Kg/ha.  Their  studies 
which  were  conducted  in  the  semiecld  Central  and  Northern 
Great  Plains  showed  that  the  beneficial  effecte  of  straw 
mulch  on  wheat  yields  ware  primarily  due  Co  Che  increase  in 

a study  on  the  effect  of  annual  additions  of  green  rye, 
wheat  straw,  alfalfa  fHedicaqo  sativa)  leaves,  peat  mock  and 
manure  to  Uplands  sand  and  Rideau  clay  soil  for  20  yr  was 
reported  by  Halstead  and  Sowden  (1968).  The  addition  of 
these  materials  to  the  soils  had  the  greateet  effect  on 
yield  and  on  uptake  of  N and  p by  oat.  The  average  yields  of 
U crops  with  those  materials  as  treatments  were  higher  on 
the  sandy  soil  than  clay  soil.  They  concluded  that  the  yield 
incraaacs  were  due  to  the  increased  NO,  production,  organic 
P concentration,  ensyme  activity,  cation  exchange  capacity, 
organic  C and  extractable  R contents  in  the  soil. 

Black  and  siddoway  (1979)  observed  an  increase  in  wheat 
grain  production  over  the  check  as  a result  of  previous 
residue  treatments.  The  respective  yield  Increases  due  to 
the  treatments  of  1680,  3360  and  6730  kg  cosldue/ha  and 

without  fettiUser  were  0.18,  0.28  and  0.59  Hg/ha.  aowevet, 

were  added  with  these  residue 


f ertili sets 
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rates,  the  cespectiva  treatment  yield  Incraases  ware  0.27, 
0.57  and  0.74  Jig/ha.  The  chect  plot  (surface  residies 
removed  end  no  Cectilization)  yield  was  2. 40  Mg/ha, 

A recent  report  by  Hiihelm  et  al.  (1986)  stated  that 
there  was  a positive  linear  response  between  the  grain  and 
stover  yields  of  corn  and  soybean  and  the  amount  of  residue 
applied  to  the  soil  surface.  Each  Mg/ha  of  residue  removed 
decreased  grain  yield  about  O.lfl  hg/ha  and  stover  yield  by 
about  0.30  Hg/ha.  melr  study  also  indicated  that  the 
response  of  applied  residue  accounted  for  31  and  345  of  the 
variation  in  grain  yield  of  corn  and  soybean,  respectively. 
The  percentage  of  variation  in  stover  yield  due  to  the 
quantity  of  applied  residue  were  83  and  921  for  corn  and 
soybean.  They  concluded  that  the  affects  of  residue  on  crop 
yialds  were  induced  mainly  through  the  changes  in  soil  water 

An  8 yr  study  of  the  effect  of  residue  on  wheat  yield 
grown  on  a sandy  loam  soli  (Typle  Acgibotolls)  was  reported 
by  Black  (1973  b) . Without  fertilization,  the  average  grain 
yields  tor  treatments  0,  1660,  3360  and  6730  kg  rsslduaAa 

were  1.50,  1.57,  1.57  and  1.63  Hg/ha,  respectively.  The 

average  yields  for  the  same  treatments  with  fectlUsation 
were  1.72,  1,76,  1.84  and  1.91  Mg/ha.  His  study  which  was 

conducted  In  Hontana  also  found  that  the  8-yr  average  wheat 
dry  matter  productions  at  tillering,  heading,  and  maturity 
tne  residue  treatments. 


affected  by 


Bdcbec  <1979)  evaludCeJ  Cha  effects  oE  cenc/ln^  the 
teslflie/  cetucaitg  the  cesldae  end  dojbllng  the  tits  of 
returned  residue  on  soil  organic  natter  content  and  corn 
yield.  Continuous  corn  was  grown  for  11  yr . tie  found  that 
corn  grain  yields  were  not  affected  by  the  treatment,  but 
soil  organic  matter  was  increased  especially  in  the  double 
residue  returned  treatment.  Results  of  Barber  (1979)  and 
Wilhelm  et  al.  {1936}  were  contradictory.  Wilhelm  et  al. 
<1936)  found  an  increase  in  corn  grain  yield  when  residue 
was  returned  to  the  soil.  They  also  reported  that  soybean 
yields  were  higher  in  the  residue  returned  than  in  the 


Ooran  et  al.  (1934)  evaluated  the  effects  of  various 
amounts  of  surface  crop  residues  on  dryland  production  of 
no-tillags  corn,  grain  sorghum,  (Sorghum  bicolor  b.)  and 
soybean.  The  study  was  conducted  for  3 yr  in  eastern 
Nebraska.  They  observed  when  crop  residues  were  eompleteiy 
removed  after  harvest,  average  grain  and  residue  yields  of 
corn  and  soybean  were  22  and  24%  lower,  respectively,  than 
where  residues  were  not  removed.  Sorghum  yields  were 
unafffected  by  residue  removal  but  stands  were  less  at  the 
130%  residue  rate.  Sorghum  was  more  tolerant  to  water  and 
temperature  stress  conditions  than  corn  and  soybean.  Their 
results  also  showed  that  the  removal  of  surface  crop 
residues  can  seriously  reduce  corn  and  soybean  yields  in 


cllroat^s  stcossCul  cof^iHtlons  occur  during  the  ^coi^lrig 
seisoo.  Other  wotltete,  Penstst  et  il.  (1978),  also  djteed 
with  tha  results  of  Ootan  et  al.  (1984).  Penstec  et  al. 
(1978)  stated  that  removal  of  crop  residue  decreased  corn 
yield  about  0.19  Mg/ha,  oat  yield  about  1.18  Hg/ha  and  wheat 
yield  about  Q.n  Hg/ha. 

Hocaehan  et  al.  (1972)  reported  a 13  yr  study  on  the 
effects  of  alfalfa  (Hedicago  satlva  L.),  cornstalks, 
sawdust,  oat  straw  and  bcomegrass  (aromus  inena is  Leyss] 
residues  on  corn  yield,  ^e  amounts  they  applied  were  from  0 
to  IS  mt/ha/yr.  During  the  first  9 yr  grain  yields  were 
found  to  be  lower  than  the  check  and  sawdust  treatments  as 
compared  to  all  other  residues,  ttey  also  observed  that 
during  the  last  4 yr  grain  yields  declined  sharply  with  the 
rate  of  addition  of  cornstalk  residues  and  slightly 
decreased  with  the  addition  of  alfalfa.  Bley  suggested  that 
the  yield  decline  in  the  cornstalk  treatment  was  due  to  a 
lowering  of  soil  pB  and  an  Al-induced  Ca  deficiency  in  the 


Researchers  in  Mississippi  reported  a yield  increase  in 
grain  sorghum  and  soybean  as  a result  of  the  proper 
menagenent  of  crop  residues  [Baitstoo  et  al.  (1984)i 
Hovermale  (19S3)j  Sanford  and  Reinschraiedt  (1992)i  Sanford 
and  Bairston  (1984)J.  Hovermale  (1983)  also  observed  that 
soybean  grown  in  wheat,  ryegrass  (Dolium  patenne  L.)  and  oat 


residue  were  billet  than  those  jtown  in  crimson  clo/et 
(Trifolida  incarnatuu)  residue. 

Pot  14  yr,  Undetsander  and  Heiget  (1S85)  studied  the 
effects  of  wheat  straw  oanagement  on  irrigated  winter  wheat 
in  Texas.  Their  treatments  were  1}  residue  incorporated  into 
the  soil,  2]  residue  aechanlcally  removed,  and  3)  residue 
burned.  The  average  grain  yields  tor  the  incorporated, 
removed,  and  burned  treatments  were  3.37,  3.27  and  3.41 

Mg/ha,  respectively.  There  was  no  yield  difference  among  the 

The  effect  of  residue  on  crop  performance  In  the 
tea^erate  area  can  be  negative  because  of  lowering  soil 
temperature  under  residue  covet.  Cruse  (1985)  reported  that 
the  residue  cover  could  dalay  crop  emergence  after  planting 
and  result  in  yiald  reductions. 

h search  of  the  literatuta  shows  that  crop  residues  did 
not  always  increase  yields  In  the  northern  United  States. 
Bowever,  in  areas  where  the  early  season  soil  temperatures 
are  not  too  low  and  in  seniarid  areas  crop  yields  have  been 
increased  by  residue  management.  A few  research  reports 
before  19S2  show  gains  in  corn  yield  due  to  surface  residue, 
Sotst  and  Hedershi  (1957)  109,  Duley  and  sussel  (1948)  1039 
Ouley  (1960)  43%,  and  ParXat  and  Larson  (1962)  139  increase, 
yield  increases  vary  from  yr  to  yt  and  depend  on  the 
rainfall,  soil  temperature,  land  slope  etc. 


IS 

The  eCCects  oC  ceei^je  on  ccap  ylelJs  under  dtCSerent 
tillage  .'oanagenent  systeiis  ace  different.  iVulikh  et  al. 
{1964)  showed  Chat  under  seco  tillage,  wheat  grain  yield  was 
increased  164  by  addition  of  3.000  leg  straw  and  under 
conyentlonal  tillage  the  yield  of  the  same  treatnient  was 
reduced  by  504.  They  attributed  the  yield  reduction  to  the 
imniobilisation  of  mineral  N.  They  also  speculated  that  the 
yield  increase  under  sero  tillage  was  probably  due  to  the 
conservation  of  soil  water  under  a Chicle  continuous  layer  of 
straw.  Sallaher  (1960)  and  Karlen  et  al.  (1964)  supported 
the  idea  that  yield  increases  under  residue  mulch  treatment 
were  due  to  the  conservation  of  soil  water.  Karlen  et  al. 
(1984)  also  found  that  without  supplemental  irrigation 
water,  corn  grain  yields  were  lower  for  the  treatment  where 
901  of  the  stover  was  removed  than  the  treatment  where  all 
residues  were  left  on  soli  surface. 

The  effects  of  residue  on  crop  yield  can  be  positive  or 
negative  depending  on  location,  environment  and  management 
practices,  in  many  cases  crop  yields  were  increased  in  the 
semiarid  area,  when  residues  wera  left  on  the  soil  surface 
(BldoK,  1973  b|  Smi)ca  et  al.,  1969j  Wilhelm  et  al.,  1986). 
Increases  in  soil  water  content  and  reduction  of  surface 
soil  temperature  in  the  aemiarid  area  as  a result  of  leaving 
residues  on  the  ground  were  the  benefits  that  contribute  to 
the  increased  crop  yields.  Long  term  effects  of  residue 
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returned  to  the  soil  iney  inolude  improved  soil 

physlcel,  chemiesl  end  mlotobial  properties  and  increased 

Effects  on  Soil  Properties 

Soil  physico-chemical  and  microbiological  properties 
were  changed  when  crop  residues  were  added  to  the  soil 
(Blaelt,  1S73  b[  Ferguson,  1967;  Moraehan  et  al.,  1972). 
Outing  the  short  terra,  the  effect  of  addition  may  not  be 
significant.  Bowever,  continuous  addition  of  residues  into 
the  field  increased  soil  organic  C,  total  soil  s,  N 
mlneraliiation,  exchangeable  K and  soluble  P (Black  and 
Siddoway,  1979).  The  positive  influence  of  increasing  crop 
residues  on  surface  soil  organic  C has  also  been  observed  by 
other  workerai  Siaek  (1973  b)i  Ferguson  (1967)j  Oallahar 
(1980)J  Johnson  (19S0)j  Mathews  (1945)!  Oveson  (1966); 
Rasmussen  et  al.  (1900)  and  Unger  (1968). 

Pikul  and  Aliraacas  (19B6)  repotted  that  the  treat-ment 
of  straw  plus  22  Mg/ha  of  strawy  manure  incorporated  into 
tne  soil  resulted  in  a higher  surface  soil  pB  and  organic  C 
content  compared  to  treatments  a)  wheat  straw  b)  straw 
burned  in  fall  and  e)  straw  plus  90  kg  N/ha.  Soil  bulk 
density  was  lowest  for  straw  plus  22  Hg  straw  manuteAa 
compared  to  the  other  three  treatments.  In  their  study,  they 
also  c*served  that  crop  residue  management  and  fertilisation 


olch  NH4  base  tectlUser  has  bad  aarbed  efteet  on  soil  pa 
in  the  bp  hociaon.  Soil  pa  dacceasod  with  deocaa5ln9  ocganin 
C addition  £oc  the  treatments  without  inorganic  Cettillaer. 

The  effect  of  corn  stover  and  manure  application  on 
soil  organic  matter  was  studied  by  Ketcheson  and  Beauchamp 
(1978).  They  found  that  corn  stover  and  manure  applications 
increased  soil  organic  matter  slightly  over  the  stover- 
removed  treatment  (3.9  vs  3.7  dag/lcg).  Increases  in  soil 
organic  natter  content  due  to  the  addition  of  crop  residues 
was  also  repotted  by  other  researchetsi  Barber  (1979);  Blaeh 
(1973  a)j  Hooker  et  al.  (1982);  and  Larson  et  al.  (1972). 

The  relative  Increase  in  organic  C content  was  greater 
In  sandy  soil  than  in  sandy  loam  soil  (Bhatn^ar  et  al., 
1963).  Barber  (1979)  estimated  that  about  8 to  11  dag  of 
CAg  of  corn  residue  was  synthesised  into  new  organic  eiatt-ic 
in  a silt  loan  soil.  In  Florida,  Gallahet  (1980)  reported 
that  after  10  yr  of  vetch  (Vtcie  villosa)  and  rye  mulched 
treatments,  soil  organic  matter  (O.M.)  was  increased  from 
1.5  to  2.6  dag  O.M. /kg  soil  and  total  N from  0.047  to  0.069 
dag  N/kg  soil.  Be  also  mentioned  that  the  degree  of  soil 
aggregation  was  higher  in  the  residue  treatment  than  without 

Other  researchers  also  reported  that  the  water  stable 
soil  aggregates  were  higher  in  residue  treatments  than 
without  residue  (Ketcheson  and  Beauchamp,  1978:  HacKay  and 


KlaJWko,  1905i  Hotachan  at  al.,  1J72).  Std.ioway  (1963) 
tspocted  an  Inctsasa  Indty  lajcegata  soli  sttuctaca  with 
Increasing  residue  le/els.  (Vnother  report  (Black,  1973  b) 
shows  that  the  erodible  soil  traction  was  reduced  from  50.5% 
In  non-residue  treatment  to  27.5%  when  6730  kg  wheat 
residue/ba  was  added  to  the  soil.  Increasing  the  amount  of 
residue  returned  to  the  soil  can  effectively  increase  soil 
aggregate  stability. 

The  effect  of  crop  residue  rates  on  surface  soil  bulk 
density  has  not  been  clarified.  Some  reports  show  that  the 
bulk  density  of  Che  surface  soil  was  reduced  when  residue 
levels  were  increased  (Black,  1973  b)  Black  and  slddoway, 
1979;  iloshi  and  fryrear,  1973i  Mathew,  1945).  Other 
researchers,  Bhatn^ar  et  al.  (1903),  Hedge  et  al.  (1902) 
and  Ketcheson  and  Beauchamp  (1973)  found  no  effe<:t  of  crop 
residues  on  soil  bulk  density. 

Other  soil  physical  properties  such  as  soil  water 
storage,  hydraulic  conductivity,  infiltration  rate  and  soil 
temperature  ace  also  affected  by  crop  residues  added  to  the 
soil.  Soil  water  storage  was  found  to  be  higher  under 
residue  than  without  residue  (Blevins  st  al. , 1963;  Moody  et 
al.,  1963;  Mocachan  et  al.,  1972;  Unger,  1973).  Gceb  et  al. 
(1967,  1970)  found  that  precipitation  stored  as  soil  water 
ranged  fcom  16  to  26%  under  no  residue  and  31  to  37%  when 
6720  kg  of  whcet  strew/ha  was  left  on  the  soil  surface. 
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another  tepoct  by  alack  (1973  a)  ahous  that  the  average  oO 
plant  available  watec  eCoreJ  In  soil  was  positively 
correlated  with  ait/ha  o£  surface  residue.  Available  soil 
water  within  coot  zone  was  increased  about  0.5  cm  for  each 
metric  ton  of  residue.  Bie  report  also  mentions  when 
precipitation  was  above  average,  the  influence  of  surface 
residue  on  soil  water  storage  was  nullified. 

a laboratory  e*peri«ent  conducted  by  Paicboutn  and 
Gardner  (1972)  indicated  that  the  vertical  mulch  treatment 
on  a level  soil  surface  saved  30  to  401  of  the  applied 
water.  The  efficiency  of  water  storage  with  vertical  mulch 
was  reduced  by  17%  when  the  surrounding  soil  surface  was 
wet.  The  positive  Influence  of  crop  residue  on  soil  water 
storage  in  the  field  has  been  observed  by  many  researchers 
(Black,  1973  ai  3ond  and  Willis,  1971;  hoody  et  il.,  1963, 
Smika  et  al.,  1969,  anger  and  Wise,  1979). 

Surface  soil  temperature  is  reduced  when  residues  ace 
placed  on  the  soil  surface.  Moody  et  al.  (1963)  reported 
the  mean  daily  eoil  temperature  at  10  on  depth  remained 
lower  under  mulch  than  unmulched  surface  throughout  a summer 
season.  Increasing  ths  amount  of  crop  residues  on  soil 
surface  reduced  the  average  soil  temperature  and  retarded 
the  warming  of  the  soil.  This  was  due  to  the  Insulating  and 
reflecting  effects  of  the  residue  on  solar  radiation.  The 
reduction  of  surface  soil  temperature  under  residue  mulch 


was  also  (sported  by  other  workers  (Adams,  19SS;  Black, 

Ondardonk  and  Ketcheson,  1973j  Singh  et  al.,  1978;  Van  Wijk 
et  al.,  19S9|  Hlllls  et  al.,  19S7). 

In  temperate  regions,  Allmaras  et  al.  (1971)  observed 
when  soils  were  warming,  the  average  reduction  of  soil 
temperature  at  10  cm  depth  was  between  0.15  and  0.30*  C for 
each  1 Hg/ha  oE  snail  grain  residue  applied  to  the  soil 
surface.  While  in  a seniarid  tropical  environment,  where 
extreme  tenperatures  often  reduce  crop  yields,  Lai  (1974) 
reported  an  8*C  reduction  in  soil  temperature  at  5 cm  depth 
when  2 Mg  residue/ha  was  applied. 

Maintaining  crop  residues  on  the  soil  surface  also 
Increases  infiltration  rates  (Mannerlng  and  Meyer,  1981], 
reduces  sucEaca  runoff  (Sreenland,  1975),  reduces 
evaporation  rates  (3ond  and  Hi  Ills,  1969)  and  increases 
entrapment  of  snow  (Willis  et  el.,  1981).  The  average 
percent^e  of  infiltration  ranged  between  41-454  and  52-884 
for  without-straw  and  with-straw  treatments,  respectively 
(Brown,  1985) . 

^e  sorption  and  desorption  characteristics  of  ? in 
soil  ace  affected  by  the  addition  of  organic  residues.  Singh 
and  Jones  (1978)  reported  that  residues  which  contain  less 
than  0.14  P (sawdust,  wheat  straw  and  corn  stalks)  decreased 
labile  soil  p and  increased  p sorption  by  the  soil  after  75 
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d^ys  incubation.  Roslduea  containing  itora  than  0.3%  9 
[alEalfa,  batlay  (Ror ieuti  vulgara) , bean  f?ha3noius 
vulgaris)  # and  poultry  nsnuru]  decraasod  F sorption  after 
the  sane  period  of  incubation.  The  effect  of  various  organic 
farm  products  [maize  stalks,  coropost.  poultry  manure}  on 
soil  available  P was  also  studied  by  Izza  and  Indiatl 
11982).  They  found  that  Incorporation  of  these  materials  in 
the  low  P fixing  capacity  soil  increased  soil  available  p. 
Tha  P concentration  in  organic  farm  products  they  used 
ranged  from  0.03  to  1.37  dag/kg. 

^e  cummulative  effects  of  increasing  quantities  of 
organic  residues  on  available  nutrients  in  soil  for  11 
consecutive  yr  were  studied  by  [.arson  et  al.  (1972).  They 
reported  that  addition  of  16  tons/ha  plant  residues/yr  to 
the  soil  increased  the  a-mount  of  S,  and  P 37,  45,  and 
14%,  respectively,  over  the  control  (no-tesiJue)  treatment. 
They  also  found  that  the  HSa  -N  production,  weak-aold 
soluble  F and  exchangeable  R in  the  soil  were  increased  as 
3 result  of  increasing  addition  of  organic  residues. 

Solubilization  of  Hn  and  Pe  in  soil  was  affected  by 
wheat  straw  and  alfalfa  amendments  (Elliot  and  Blaylock, 
1975).  ‘Rie  release  was  greater  tor  Mn  than  Pe  and  also  much 
higher  at  30  kPa  than  50  kPa  moisture  tension.  The  release 
of  Hn  and  Pe  from  the  soil  columns  was  in  the  order  of 
alfalfa  > wheat  straw  > soil  alone.  They  suggested  that  the 


potential  accunulatlon  of  soluble  Mn  in  well-rltainsd  soil 
K33  possible  wbece  theca  was  a lacge  quantity  of  plant 
cesldues  incocporsted  Into  the  soil, 

^ recent  study  In  Australia  by  ithlte  (1934)  found  that 
Incorporation  of  crop  residues  into  "Blaclc  Barth"  soil 
depressed  NO^-M  within  0-20  cm  depth  but  the  effects  on 
NH4-N  and  F were  unclear.  Be  also  observed  Che  soil 
nutrient  concentrations  were  highly  correlated  with  stubble 
C:!4  ratio  and  most  coefficients  were  negative. 

In  the  pacific  Northwest,  Douglas  et  al.  (1930) 
reported  that  the  method  of  placement,  composition  of 
residue  and  loading  cate  were  important  factors  influencing 
mineralization  or  Immoblllzaclon  of  N and  S.  Net  N 
mineralization  in  buried  straw  varied  from  2 to  17  )tg  N/ha 
as  straw  composition  varied  from  0.20  to  0,79  dag  N/tg 
residue.  when  placed  above  or  on  the  surface  net  N 
mineralization  ranged  from  -4  to  i )<g  N/ha  with  the  same 
straw  ccmpoeitlon.  Net  S mineralization  was  similar  to  N 
minacall ration  but  magnitudes  were  smaller.  A higher 
mineralization  of  N was  observed  at  4 cm  soil  depth  as 
compared  to  the  aurface  was  also  observed  by  Cochran  et  al. 
(1980)  and  Brown  and  olctey  (1970).  Immobilization  on  NOj-N 
in  the  surface  soil  under  wheat  straw  mulch  was  also 
reported  by  Sml)ta  et  al.  (1969). 


A Study  on  th«  csLessu  oC  P Ccom  white  closet 

[Tc Ifo lium  repehs]  residue  In  high  und  low  P stetus  soils 
was  reported  by  Blair  and  Boland  (1979).  Their  results 
suggested  that  the  addition  o£  plant  material  resulted  in 
immobilization  of  soil  P only  in  the  low  P soil  in  the 
absence  of  plants.  In  the  high  P soil  no  innobilization  of  P 
was  observed. 

The  above  reviews  show  that  soil  properties  and 
fertility  were  affected  by  the  itanagement  of  crop  residues. 
Soil  organic  matter/organic  C , soil  N,  water  stable 
aggregates.  bulk  density,  water  stor^e,  hydraulic 
conductivity,  infiltration  rate,  surface  soli  temperature, 
evaporation,  sorption  and  desorption  of  ?,  mineralization 
and  L.Timobil i zation  of  )1,  F and  S,  solubilization  of  vin  and 
Pe,  CSC  and  pH  are  all  affected  by  the  residues. 

Factors  Affecting  pecoinposltion 
Interrelated  factors  which  affect  the  decomposition  of 
crop  residues  ace  aeration,  moisture,  temperature, 
availability  of  nutrients  essential  far  microbial  growth  and 
composition  of  the  residue  (Hausenbuiliec . 1979).  In 

addition  to  the  factors  given  by  Hausenbuiliec  (1978),  Parc 
and  Papendick  (1979)  mentioned  that  pH,  C:N  ratio  and  age 
of  plant  materials  also  influence  the  crop  residue 
decomposi tion. 
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J»nklnson  (1981)  in  his  re/le^  article  stated  that 
theta  ara  seven  factors  influencing  the  decomposition  of 
plant  and  animal  cssidues  In  soil.  Those  factors  ac? 
moisture,  O2  (aeration),  soil  pB , inocganio  nutrients, 
temperature,  clay  content,  particle  size  of  the  residue 
material,  soil  animals  and  placement  depth.  Bowever, 
experimental  data  available  in  the  literature  indicate  that 
temperature,  moisture,  C:H  ratio  and  location  on  or  within 
the  soil  profile  are  the  most  important  factors  (Reddy  at 
al. , 1980) . 

Waksman  and  Gerretsen  (1931)  were  pioneer  researchers 
who  studied  the  influence  of  temperature,  moisture,  and 
available  N on  the  decomposition  of  oat  straw.  They  reported 
that  the  optimum  temperature  for  the  decomposition  was  37*C. 
Temperatures  below  7“C  reduced  the  cate  of  decomposition. 
Their  data  also  showed  that  the  addition  of  inorganic  N 
hastens  the  decomposition  of  plant  material  as  a whole 
especially  of  the  hemicelluloses  and  cellulose.  Nitrogen  had 
very  little  effect  upon  the  decomposition  of  the  lignin. 

A recent  study  by  Roper  (1985)  in  Australia  in  the 
effects  of  moisture  and  temperature  on  wheat  straw 
decomposition  in  two  soils  showed  that  the  straw 
decomposed  over  a wide  range  of  tempera tures.  It  was  20-50*C 
for  Gunnedah  soil  and  1S-45°C  for  Cowca  soil.  The  optimum 
moisture  level  was  at  0. 3-2.0  times  greater  than  moisture 
level  at  10  kpa  water  content  tor  both  soils. 
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An  inusatlgatlon  by  Itficson  (1973)  in  Canad?  Indicated 
t;<at  foe  each  l*c  dcop  In  soil  tempecatec e,  the  cats  of 
decomposition  decreased  appcoalmately  l.a%.  He  also 

estimated  the  cate  of  loss  of  3,000  kg  of  leaf  litter/ha 
during  6 months  at  10,  4,  and  1”C  would  be  660,  420  and  270 
kg/ha/yr,  respectively. 

A labocatocy  study  by  Puiz-Gimenet  and  Chase  (1964) 
indicated  that  the  decomposition  cate  of  wheat  straw  was  not 
affected  by  factilizec  ammendnent  and  length  of  straw 
cuttings,  but  it  did  increase  when  soil  depth  was  decreased. 
Their  results  also  showed  that  the  decomposition  cate  was 
decreased  when  the  quantity  of  residue  added  was  increased 
two  to  five  fold,  similar  results  on  the  effect  of  residue 
loading  rate  to  the  soil  were  observed  by  other  workers 
(Broadbent  and  Bartholomew,  1949;  Brown  and  biksy,  1970; 
Dallam  and  See tholoioew,  1953). 

An  investigation  by  Maas  and  Adamson  (1972)  on  the 
effect  of  the  addition  of  nutrient  solutions  on  the 

decomposition  of  sawdust  showed  that  nutrient  solutions 
containing  fairly  low  levels  of  N,  p,  and  K increased  the 
rate  of  decomposition.  However,  the  particle  size  of  sawdust 
did  not  influence  the  cate  of  decomposition. 

Soil  pH  is  one  of  the  factors  which  controls  microbial 
jopulatlon  and  residue  decomposl cion.  Each  bacteclum,  fungue 
has  an  optimum  pH  for  growth  (Alexander, 


actlnonyceCe 
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1977).  D^conposltion  typically  pcoceads  iQot?  rapidly  in 
neutral  than  in  acid  aoLls.  The  pH  Hovarne  the  type  of 
nicccocganlsnts  which  are  doroinant  in  the  C cycle  o£  any 
habitat.  Pikul  and  Allnaraa  (1986)  reported  that  crop 
residue  management  profoundly  affected  soil  pH  within  0.40  m 
depth.  They  observed  that  soil  pH  decreased  with  decreasing 
C addition  and  concluded  that  soil  organic  matter  buffers 
against  pH  change  by  the  adsorption  and  inactivation  of  H 
ions.  TTie  optimum  pH  range  for  rapid  decomposition  of 
various  organic  wastes  and  crop  residues  is  6.5  to  8. 5 (Parr 
and  Papendick,  1978).  Jenkinson  <1977  b)  found  that  ryegrass 
decomposition  was  initially  slower  in  a strongly  acidic  soil 
(pH  3.7)  but  by  the  end  of  5 yr  the  difference  between 
this  soil  and  other  soils  (pH  4.9  to  3.1)  had  nearly 
i Lssappeated. 

The  importance  of  CsN  ratio  of  plant  material  in 
determining  the  rate  of  decomposition  is  well  known  (3rown 
and  Dickey,  1970;  Hendrickson,  1985;  Parker,  1962;  Parc  and 
Papendick,  1978;  Relnecatsen  et  al.,  1984:  Smith  and 

Douglas,  1971).  The  N immobilization  potential  of  organic 
materials  has  been  assessed  in  terms  of  their  CiN  ratios, 
when  crop  residues  with  narrow  C:H  ratios  (20il  or  lass]  are 
incorporated,  N will  be  mineralized.  Residues  with  wider  C:H 
ratios  (30:1  or  more)  will  immobilize  H at  least  terapotacily 
(Tisdale  et  al.,  1985).  The  C:N  ratio  In  plant  material  Is 


i»aciible,  ranging  from  2O1I  to  30sl  in  legumoa  an'i  f^tti 
)Banura(  100:1  in  certain  stri-jy  rasiJies  -ind  as  high  as 
400:1  in  saudusC  [Brady,  1904). 

Bartholomew  (1965)  and  Parr  and  Papendlch  (1978) 
caution  against  the  use  of  C:N  ratios  because  they  are  valid 
only  when  the  C and  N ate  readily  available  to  the 
microorganisms.  Bartholomew  (1965)  suggested  that  the  N 
concentration  of  crop  tasidues  might  be  a better  measure  of 
U availability  with  the  critical  concentration  being  between 
1.0  and  1.3  dag/)tg  by  weight.  Previous  research  has  shown 
that  the  addition  of  inorganic  N to  residues  enhanced  the 
decomposition  rate  of  the  residue  in  soil  particularly  those 
which  had  high  C:H  ratios  (Maksman  and  Oerretsen,  1931; 
Alexander,  1977:  Allison  and  Cover,  1960).  However,  recant 
reports  showed  that  the  residue  decomposition  was  mainly 
affseted  by  the  available  C and  H rather  than  total  C and  H 
In  the  tealdue  (Smith  and  Peckenpaugh,  1985;  Jawson  and 
Slllot,  1986:  Relnertsen  et  al.,  1984).  Addition  of  g to 
low-M  residues  generally  hastened  decomposition  when 
conditions  for  decompostlon  were  favorable,  but  if  low 
teitsietatute  or  Insufficient  moisture  limited  decomposition, 
a would  not  neoessarlly  stimulate  decomposition  (Smith  and 
Douglas,  1971) . 

Increasing  rates  of  H did  not  Increase  the  overall 
rates  of  crop  residues  studied  by  Knapp  et  al. 


decompos itlon 


substcat*^  and 
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(1903  b) . Tliey  postulated  that  the  turno/et  bf 
oiccobialXy  associated  ot^anit  N result  In  decomposition  oE 
crop  residues  e/en  under  presumably  M-de£loleet  conditions. 
Harmsen  and  Van  Schcaven  (1993)  mentioned  in  their  revlau 
paper  that  numerous  Investigators  agree  plant  materials  must 
contain  at  least  1.5  to  2.0  dag/hg  N in  the  dry  matter  which 
corresponds  to  a C:N  ratio  of  20  to  25.  before  N oan  be 
mineralized. 

Studies  comparing  top  and  root  decomposition  have 
provided  conflicting  results.  Jenhlnson  (1917  a)  found 
similar  decomposition  rates  for  ryegrass  tops  and  roots 
during  a 155-day  study.  Oadd  (1991)  reported  that  the  rate 
of  wheat  straw  and  root  decomposition  was  nearly  equal,  but 
medic  (Medicago  llttoralis  t.)  toots  decomposed  mote  slowly 
than  the  stems  and  leaves.  When  Smith  (1966)  studied  wheat 
straw  and  toot  decomposition,  he  repotted  that  roots 
decomposed  more  slowly  because  they  contributed  more  to  the 
residual  C than  the  straw.  Proximate  analysis  had  been 
useful  for  comparing  the  decomposition  of  different  residues 
based  on  their  chemical  composition  (Berman  et  al..  1977r 
Ha)csman  and  Teeney,  1929).  In  general,  the  greater  the 
proportion  of  lignin  in  the  residue,  the  slower  the  rate  of 
decomposition  (Alexander,  1977).  A recent  study  by  Jawson 
and  Elliot  (1986)  supported  the  idea  that  under  a 
nonlimiting  nutrient  condition,  differences  in  decomposition 


betu^en  plant  pacts  reflect  Che  i^iffecence  In  cesldje 
composition  at  the  initial  staje  of  decomposition. 

Dcylnp  and  regretting  also  promoted  the  decomposition 
(Amato  et  al.,  1964;  3icch,  1956).  The  longer  the  Cijne  moist 
fallowing  drying,  the  greater  the  decomposition.  The  more 
frequent  the  drying  and  wetting  cycles,  the  greater  the 
decomposition.  Drying  and  wetting  affects  soil  aeration.  The 
effects  of  aeration  on  organic  matter  decomposition  were 
significant.  It  was  obsereed  that  Che  bceakdown  was  slowec 
undec  anaecobic  than  under  aerobic  conditions  (Acharya, 
1935;  Reddy  and  Patrick,  1975;  Tenny  and  Waksman,  1930). 

Soil  earthworm  (Lurabricus  r ubellus)  population  has  been 
shown  to  facilitate  the  breakdown  of  crop  residues.  Mackay 
and  Xladleko  (1985)  reported  that  609  of  original  soybean 
residues  were  recovered  when  no  earthworm  were  .idded, 
whereas  in  Che  presence  of  earthworm  only  349  of  the. 
residues  remained.  Por  maize  residues  639  and  529  were 
recovered  from  treatments  without  earthworm  and  with 
earthworm,  respectively. 


GLASSHOOSB  STODIES  ON  THE  EPPKCTS  OP  APPtIBD 
CROP  RESIDUE  AND  H ON  SOIL  PROPERriES 
AND  CORN  GROMTH 

Inttoduetlon 

Many  short  term  crops  such  as  wheat  (Ttleicuni  aestivum 
L.l,  oat  (Aveoa  satlva  L.) , rye  [Seoale  cereals  L.l  and 
corn  (Sea  mays  L.)  can  he  grown  on  Florida  sandy  soils. 
Increasing  emphasis  Is  being  placed  on  minimon  tillage 
farming  in  this  area.  Minimum  tillage  systems  Increase  the 
amount  of  crop  residues  on  the  soil  surface.  It  has  been 
predicted  that  65%  of  the  seven  major  annual  grain  orope  of 
the  united  States  will  be  grown  by  the  minimum  tillage 
system  by  the  year  2000  (USDA,  1975). 

Usually  farmers  incorporate  the  residues  into  the  soil 
or  leave  them  on  thu  surface.  Some  states  reguite  farmers  to 
incorporate  crop  residues  into  soils  after  harvesting. 
Little  attention  has  been  given  to  characterising  the  effect 
of  various  types  and  application  cates  of  crop  residue  on 
Boll  properties  and  plant  growth  on  sandy  soils  under 
Florida  conditions. 

The  questions  of  interest  In  this  research  ware  how 
long  should  the  residue  be  allowed  to  decompose  In  order  to 
produce  maximum  yield?  how  much 
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residue  should  be  appllad 


retutneiJ  to  get  opti-aum  ceaalts?,  and  dots  incocpo cation  of 
cealduas  Inpco^a  soil  Esctillty  or  degrad-a  it? 

If  a Eacoec  has  a choice  in  the  use  of  crop  residues, 
what  kind  of  residues  should  he  use,  which  cesidues 
deconpose  faster,  and  how  do  they  affect  crop  pecfomance.  A 
study  on  the  incorporation  of  corn  residue  into  a red  sandy 
clay  soil  showed  that  corn  grain  yield,  soil  organic  matter 
content  and  available  K concentration  were  increased,  but  M, 
? concentrations,  bulk  density  and  infiltcation  rate  wore 
not  affected  (Hedge  et  al.,  1982). 

liie  hypotheses  of  these  studies  were  as  follows: 

1)  fertility  status  of  a sandy  soil  should  be  improved  by 
the  additibn  of  crop  residues,  2)  plant  growth  should  be 
Increased  more  in  a soil  with  highly  decomposed  crop 
residues  than  in  the  soli  with  partially  decomposed 
residues,  and  3}  an  addition  of  N into  the  plant  residue  and 
soil  mixture  should  enhance  the  residue  decomposition  by 
lowering  its  C:H  ratio.  Therefore,  the  objectives  of  this 
study  were  1)  to  evaluate  the  effects  of  different  types 
and  amounts  of  crop  residues  (wheat,  oat,  rye  and  corn) 
combined  with  inorganic  H on  the  fertility  of  a sandy  soil 
and  2)  Co  connate  Che  growth  performance  of  corn  in  three 
consecutive  loonoculture  crops  as  affected  by  the 
Incorpccation  of  Che  residues. 


Materials  a 


i Metnotls 


analysis  ot  soil  and  Crop  Sesidues 

Soil  samples  used  in  this  study  wees  taXen  from  the 
tioctlcultural  Unit  experimental  Farm  near  the  university  of 
Florida,  In  Northwest  Gainesville,  Florida  (latitude  29*4' 
N,  Longitude  82*20*  H) . The  samples  were  taXen  from  the  ^p 
horison  [0-15  cm)  of  a Kulat  sand  (coarsa-loan^ , siliceous, 
hyperthermic,  Typic  Ochraaquults) . This  soil  commonly  has  a 
seasonal  fluctuation  of  the  ground  water  table  within  1 m 
depth  and  mean  annual  temperature  at  the  50  cm  depth  is 
greater  chan  22°C.  This  type  ot  soil  commonly  occurs  along 
the  Atlantic  coast  on  low  marine  or  river  terraces  of  the 
late-pleistocene  age  (Soil  Survey  Staff,  1975). 

Soil  samples  were  air  dried  and  sieved  through  a 2 mm 
diameter  M screen  bsfore  analysis.  Partical  size  analysis, 
water  retention  at  1.0,  1.3  and  150  HPa  pressure,  pH 
(in  H2O  and  1 M KCl),  cation  exchange  capacity  (CEC)  at  pH 
by  NH4OAC,  effective  cation  exchange  capacity  (BCEC)  in  1 M 
KCl,  organic  C,  total  N,  Mehlich  I (0.05  M HCl  + 0.0125  H 
H SO  ) extractable  nutrients  ( p,  K,  Ca,  Hg,  Pe,  Cu,  2n)  and 
clay  mineral  Identification  by  x-ray  diffraction  analysis 
[Whitting,  1965)  were  performed.  The  hydrometer  method  was 
used  for  particle  sire  analysis.  Mater  retention 
characteristics  were  determined  by  a ceramic  pressure  pl>ate 
apparatus  (Richards,  1965) . A glass  electrode  pH  meter 


(Ocii^n  ?ese4cch  Model  6QlV^l9ltal  looalysec)  was  used  on 

p^.  Soil  organic  C was  detstninsd  by  the  walklsy-aiack  wet 
oicidation  method  (Allison,  1965)  and  total  N was  detet'alned 
by  the  semimicro  Rjeldahl  method  (Brenner,  1965). 

Mehl ich  I (Hehllch,  1953}  extraction  for  nutrients  in 
sandy  soils  and  their  interpretations  as  described  by  Rhue 
and  Kidder  (1983)  was  followed.  The  extraction  solution  was 
used  in  a S 9 : 20  ml  soil  to  solution  ratio,  sha)cen  tor  5 

minutes  and  filtered  through  Whatman  no.  40  filter  paper. 
The  filtrate  was  saved  for  P,  K,  Ca,  Hg,  Fe,  Cu  and  Zn 
analysis,  phosphorus  was  determined  by  calorimetry,  K by 
flame  emission  spectrophotometry  and  other  elements  were 
analyzed  by  atomic  absorption  spectrophotometry  at  the 
Institute  of  Pood  and  Agricultural  sciences  (IPA3) 
Analytical  Sesearch  Laboratory,  university  of  Florida. 

Pour  types  of  the  most  common  and  abundant  crop 
residues  (corn,  oat,  rya  and  wheat)  were  uaed  in  this 
study.  The  nature  crop  residues  were  taken  from  farmers 
fields  near  Live  Oak,  Florida  (Latitude  30  * 20'tl.  Longitude 
83  *00’  tf) . Theae  residues  were  collected  immediately  after 
grain  harvest.  They  weta  dry  when  taken  from  the  field  and 
kept  in  plastic  bags. 

Before  these  residues  were  incorporated  into  the  soil, 
they  were  chopped  into  1 to  2 cm  lengths.  Subsamples  of  the 
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ground  to  pass  a 2 mm  scrsen  in  a Wilm/  mill 
in  pcmparation  foe  slomsntal  analysis.  Total  C in  tha  plant 
easldoss  was  dstsrialned  by  wat-o<idation  fcechniqjs  of  Shaw 
(1959).  The  otUation  was  cactled  out  by  heating  the  samplas 
<0.5  g each)  with  a mixtuce  of  K2CC2O7  , O2SO4  and  H3PO4 
for  10-15  itinutes  and  the  CO2  liberated  was  determined 
gcatflmetelcaily  after  absorption  in  soda-lime. 

A one  gran  sample  from  each  residue  was  ashed  in  a 
muffle  furnace  at  250*C  for  30  minutes,  and  then  the 
temperature  was  increased  to  500°C  for  at  least  2 hours 
until  the  ash  was  white.  Ash  solution  samples  were  prepared 
by  digestion  with  9 H HCl  on  a hot  plate.  Four  subsamples  of 
each  residue  were  analyzed.  The  ashed  samples  were  diluted 
to  50  TIL  in  a volumetric  flask  after  an  addition  of  2.25  mL 

solutions  was  0.27  M.  An  atonic  absorption  spectrophotooe ter 
was  used  to  determine  the  residue  concentration  of  Ca,  >lg, 
Fe,  Cu,  and  2n.  Phosphorus  and  F were  determined  by 
calorimetry  and  flame  emission  spectrophotometry, 
respectively.  These  Instcunients  were  located  at  the  IFAS 
Analytical  Research  Laboratory,  University  of  Florida. 
Residue  total  R was  determined  by  the  method  of  Nelson  and 
Summers  (1973)  . 


The  greenhoijsi  eicperl<aeat  cacrLed  out  as  u 
factoclally  arcangeJ  tando.nl  zed  complete  bloct  design. 

A total  of  48  treatment  conbinationa  (4x4x3)  and  3 
replications  was  employed.  Residue  types  used  were  corn, 
oat,  rye  and  wheat.  Residues  were  applied  at  0,  2.5,  S.Q 
and  7,5  mt/ba.  Aese  rates  represent  the  range  which  can  be 
produced  and  returned  Co  the  soli  by  these  crops.  Residues 
were  incorporated  in  the  soil  prior  to  Crop  1 only.  Applied 
N rates  were  0,  50,  and  100  kg  H/ha  as  NB4NO3. 

Black  plastic,  3 I,  pots  were  filled  with  2 kg  of 
air-dry  soil  (<  2mm).  Each  pot  size  was  16.5  cm  height  and 
16.0  cm  top  diameter.  Clean  gravel  (prewashed  with  HCl  and 
deionized  water)  was  placed  at  Che  botem  bf  the  pot  about  4 
cm  deep  before  filling  with  soil.  A layer  of  cheaee  cloth 
was  placed  on  top  of  the  gravel- to  prevent  the  soil  frora 
reaching  Che  bottom  of  Che  pot. 

Chopped  residue  fragments  (1  to  2 cm  length)  were 
incorporated  thoroughly  Into  the  soil  according  to 
predetermined  cates.  Deionized  water  was  added  to  bring  the 
soil  to  7%  water  content  by  weight  basis.  Uniform  moisture 
was  maintained  through  periodic  weighings  and  water 
addition,  inorganic  N fertilizer  (NH4NO3)  was  added  in 
solution  at  specified  rates  (0,  50  and  100  kg/ha).  Field 
corn  seeds  (cultivac  Pioneer  Brand  3059')  were  treated 


with  the  fenglctde  Ceptert  ( H-  ( [Tr  ichlococaethyl  thiol 
-4-  cyclohota ne  -X , 2 -dicafbox ihl te]  before  they  were 
geciDinated  on  moist  cheese  cloth  in  the  labotetory. 

Pcepecminated  corn  seeds  were  transplanted  into  the 
pots  on  6 Novenbetr  1984  when  the  radicles  were  about  2 cia 
in  length.  Each  pot  received  4 seedlings.  On  the  same  date 
75  kg  K/ha  as  K2SO^  in  solution  was  added  to  the  pots. 
Initially  P was  not  added  because  according  to  the 
interpretation  by  Rhue  and  Kidder  (19831  the  amount  of 
Hehlich  I extractable  p (93  mgAg)  was  considered  adequate 
for  the  growth  of  an  agronomic  crop  such  as  corn.  The  plants 
were  Chinned  to  a single  plant/pot  at  one  week  after 
planting. 

kbout  one  month  after  planting,  a severe  P deficiency 
was  observed  on  all  plants.  Plants  were  stunted,  very  dark 
green  In  color  with  reddish  purple  leaf  tips  and  joarjlns. 
On  a oecorabet,  1984,  75  kg  R/ha  and  50  kg  P/ha  were  applied 
as  K2®°4  Triple  superphosphate  (TSP),  respectively.  One 
week  later  another  50  kg  PAa  was  added  to  the  soil.  The 
last  feccillaaclon  was  on  22  December,  1984,  when  an 
additional  25  kg  PAa  and  50  kg  KAa  were  added.  In  each 
fettiilzatioo,  all  tectillsecs  were  applied  in  solution. 

Plants  were  irrigated  frequently  with  a small  amount  of 
deionised  water  sufficient  to  keep  the  soil  at  field 
capacity,  This  precaution  was  taken  to  ensure  that  no 
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drains?  fcon  the  bottom  of  the  ^ts  occurred.  Weeding  was 
done  by  hand.  Greenhouse  temperetuc?  aes  osintnlned  at 
25-30  °C.  Wdltional  light,  14  mlctoffloles/n Vsec , was  applied 
fcoa  1700  until  2130  hours  everyday  for  60  days  because  of 
the  short  day  light  period  during  winter.  Light  was  measured 
with  LlCOR  t}uantuiii  sensor  Model  195. 

The  plants  were  harvested  on  5 January  1995,  60  days 

after  planting.  They  were  cut  at  the  point  where  the  brace 
roots  appeared  and  chopped  to  about  12  cn  length.  Stems  were 
split  to  aid  drying.  Plant  coots  were  left  in  the  soil  to 
decompose.  Plaht  fresh  weights  were  recorded  before  drying 
at  75'C  for  2 days.  4ftec  drying,  plant  dry  weights  were 
recorded. 

each  plant  was  ground  to  pass  a 2 mm  screen  In  a Hilay 
mill.  Whole  plant  parts  were  mixei  thoroughly  after 
grinding,  i one  g sample  from  each  plant  was  ashed  for 
nutrient  analysis.  The  same  procedure  for  nutrient  analysis 
in  the  crop  residues  as  described  earlier  was  followed.  Only 
N,  P,  K,  Ca  and  Mg  in  the  plant  tissues  were  analysed. 

Approximately  SO  g of  soli  were  taken  from  each  pot  at 
harvest.  Bia  sampling  holes  were  refilled  with  the  same 
amount  of  Mulat  sand  soil.  Sampling  paints  were  markad  with 
label  sticks  to  ensure  that  sampling  would  not  occur  In 
1 M KCl 


Samples 


analyzed  for 


exchdfijeabU  Al,  Mehllch  I ««tr4ctabla  nutcLentf  (?,  K,  Ca, 
M9,  P9,  Cj  arid  2n)  and  pH  (l;2  soil  to  solution  ratio)  in 
water  and  1 M KCl  solution.  Soil  or9anio  C and  total  N were 
analysed  By  Halkley-Blaek  (Allison,  1965)  and  seioiniero 
Kjeldatil  (aremner,  1965)  methods,  respectively. 

Statistical  analysis  was  conducted  using  the  general 
linear  model  (GLH)  procedures  in  the  statistical  Analysis 
Syste.li  (SAS)  according  to  Barr  et  al.  (1979).  Single  degree 
of  freedom  linear  orthogonal  contrasts  were  used  to  compare 
treatment  means  for  the  levels  of  residue  and  N (Chew, 
1976).  The  Duncan's  multiple  range  test  (DHRT)  was  used  to 
compare  treatment  means  for  residue  types.  Bata  processing 
was  done  by  an  I8H  computer  at  the  Northeast  Regional  Data 
Center  (NErOC)  on  the  University  of  Florida  campus, 
Gainesville,  Florida.  Block  chart  diagrams,  throe 
dimensional  graphic  diagrams  and  histograms  weca  also 
computer  drawn.  Statistical  analysis  system  graphic 
procedures  were  followed  (Council  and  Helwig,  1981). 

Corn  seeds,  cultivar  'Pioneer  Brand  3059'  were  planted 
for  the  second  crop  in  the  same  pots  as  the  first  crop  on 
12  January,  1985.  No  additional  residue  was  added  in  the 
second  crop.  The  plants  were  thinned  from  4 to  1 plant/pot 
one  week  after  planting.  On  19  January,  1985,  50  kg  p/ha  and 


75  3^g  K/Ua  as  TSP  and  X2SO4  csspectively  wscs  applied  in 

solution. 

A second  feceiUzec  application  with  50  Kg  FAa  and  73 
Kg  K/ha  wees  applied  on  26  February,  1985.  It  was  observed 
that  all  plants  showed  Hg  deficiency  symptens  on  this  date. 
The  older  leaves  had  yellow  streakings  in  between  the  veins. 
Magnesium  was  applied  at  SO  mg/kg  soil  as  Hg  SO4CO  correct 
the  deficiency. 

Plant  raaintainance  practices  including  water  supply, 
greenhouse  tenperature , light  intensity  and  weeding 
throughout  the  growing  period  of  Crop  2 were  the  same  as 
in  Crop  1.  Bie  second  crop  was  haeveseea  on  13  Hatch,  1985 
(60  days  after  planting).  Data  collection  on  plant  and  soil 
samples  were  recorded  the  sane  as  in  Crap  1.  Plant  roots 
were  again  left  in  the  soil  to  deconposa.  Soil  saapling 
holes  were  refilled  with  the  same  mnount  of  Hulat  sand  soil. 

Statistical  analysis  of  the  data  collected  in  Crop  2 
was  conducted  in  the  same  way  as  the  data  analysis  In  Crop 
1.  Soil  organic  C and  total  N were  not  analysed  in  Crop  2. 

Pregerniinated  corn  seedlings  were  planted  on  13  Match, 
1985.  Again,  no  residue  was  added  to  the  soil.  On  24  Hatch 
24,  1985,  50  kg  P/ha  and  75  Kg  K/ha  were  applied.  An 


April,  1985. 


additional  anount  of  50  kg  P/ha  »^ci3  gi/an  on  4 
One  weak  later,  75  kg  k/ha  was  applied.  Another  25  kg  P/hi 
were  sjpplled  on  19  April,  1983.  Thrae  days  later,  25  kg 
Mg/ha  was  added.  Hater  sepply  and  greenhouse  temperature 
maintenance  in  Crop  3 were  the  same  as  In  Crop  1 and  Crop  2. 
Additional  light  was  not  supplied  In  Crop  3 because  of 
sufficient  daylength  and  photoperiod  during  the  spring 
growth  period. 

Plants  were  harvested  on  17  Hay,  1985  60  days  after 

planting.  Fresh  and  dry  weights  were  recorded,  ^e  same  soil 
chemical  analysea  as  in  Crop  1 and  Crop  2 was  perfonted. 
Soil  bulk  density  data  were  determined  by  collecting  soil 
core  samples  . A small  soil  core  sampler  with  a ring  sire 
2.7  cm  Inside  diameter  and  2.7  cm  height  was  used. 

The  procedure  was  slmlLer  as  the  method  described  by  Slake 
(1965)  akcept  that  the  size  of  core  sampler  was  sm.all. 

Plant  roots  in  each  pot  were  separated  frois  soil 
Immediately  after  harvesting.  They  were  washed  with  water 
dried  at  70*C  foe  2 days  in  a forced  air  oven.  Root  dry 
weights  were  recorded  after  the  samples  were  dried. 

Soil  and  plant  tissue  chemical  analysis  and  data 
statistical  analysis  were  done  in  the  same  way  as  in  Crop  1. 
In  Crop  3,  organic  C and  total  N in  the  soil  after 
harvesting  were  analyzed. 


Reautts  and  Qiscusslori 

Inlttil  Sotl  Prop^ctlge 

The  ceaulbs  of  prellminacy  analysis  of  Hulat  sand  soil 
3te  shown  in  Table  3-1.  Particle  slae  distribution  consisted 
of  91«  sand,  4»  silt  and  S»  clay.  This  soil  had  a low  CEC 
and  6CEC  which  are  a typical  Inherent  properties  of  sandy 
soils. 

The  gCEC  is  defined  as  the  sum  of  the  nilliequivalents 
of  Ca,  M9,  til  and  B in  the  soil  and  CSC  is  only  the  sum  of 
nilliequlvalents  of  Ca,  Hg,  R and  Ma  in  the  soil  IRamprath, 
1970).  The  magnitude  of  CEC  was  higher  than  the  ECEC 
because  of  the  adsorption  of  tJB  ^ ions  in  the  determination 
of  CEC  in  acid  sandy  soil  by  NH^Ohc  at  pH  7 is  pB  dependent. 
The  ECEC  determination  using  unbuffered  salt  solution  (1.0  H 
KCl)  was  not  pH  dependent  as  it  extracted  only  the  cations 
held  at  active  exchange  sites  at  the  particular  pH  of  the 
soli  (Tisdale  et  al.,  19851. 

Coleman  and  Thomas  (1967)  defined  acid  soils  as  the 
soils  which  has  a pH  range  between  4.0  and  7.0.  Mulat  sand 
soil  is  considered  an  acid  sandy  soil  as  indicated  by  the  pH 
of  5.7  in  water  (Is 2)  and  pH  of  4. 8 in  1 M KCl  (l!2> . 

The  difference  between  pH  In  1 H KCl  and  pH  in  water 
(pH)  was  a net  negative  charge  -0.9.  Oehaca  and  Gillman 
(1991)  defined  that  23  pH  • pB^ci  - P^HjO  • ‘’*’®  and 
magnitude  of  pH  correspond  to  the  sign  and  magnitude  of 


proper  oE  Mulit  s^i 


Particle  size  distribution  : 

silt  4 i 


pH  : 

in  KCl  ( li:  ) 

C:H  Ratio 

Organic  matter 

Total  Kjeldahl  nitrogen 

CSC,  NH4OAC  at  pH  7 extraction  . 
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Mehlich  1 [0.05  M HCl  + 0.0125 
extractable  nutrTents  ; 


H2SO4J 


retention  (dry 


basis] 


the  euiCace  charge.  Ihey  also  stateil  that  if  -S  pH  is 
positive,  seco  oc  small  negative  value  (less  than  -0.5) 
generally  indicates  that  the  soil  is  dominated  by  variable 
charge  minerals.  I£  a pB  in  acid  soil  la  near  lero, 
extractable  A1  content  can  be  expected  to  be  low.  A net 
negative  charge  is  important  in  soil  because  cation 
retention  depends  on  the  net  negative  charge  present  on  the 
soil  colloidal  surface  (El-Swaify  and  Sayegh,  1975;  Ushara 
and  Gillnan,  1961) . 

According  to  the  guidelines  of  Rhue  and  Ridder  (1993) 
regarding  the  interpretation  of  Hchlich  I extractable 
nutrients  for  growing  agronomic  crops  on  Florida  sandy 
soils,  the  amount  of  p (93  ragAg)  in  the  Hulat  sand  was 
high,  K (40  mg/kg)  was  medium  and  Mg  <32  mg/kg)  was  high 
(Table  3-1).  Wiere  w.as  no  current  recommendation  for  the 
levels  of  Hehlich  I extractable  Ca  for  growing  agronomic 
crops  on  Florida  acid  sandy  soils,  aowever,  300  mg  CaAg  in 
Hulat  sand  soil  was  considered  lower  than  the  average  amount 
of  Ca  in  other  Florida  soils  as  repotted  by  Rhue  and  Sactain 
(1978).  The  amount  of  Cu  (0.3S  mg/)cg]  and  Zn  (3.9  mg/kg)  in 
this  soil  at  pH  5.7  was  interpreted  to  be  sufficient  and 
high,  respectively  (Kidder  and  Rhue,  1983).  Similar  to  Ca, 
there  is  no  current  Interpretation  for  Mehiich  I extractable 
Fe  in  Florida  acid  sandy  soils  (Dr.  E.  A.  Hanlon  personal 
communication) . 


between 


send  sell  was  very  low.  At  3.33  !cpe  pto.esure 
at  the  pecaanent  wilting  pJlnt  (150  KPa)  it 
expected,  the  low  water  retention  capacity  c 
dee  to  the  low  clay  and  organic  natter 
texture  soil  has  oore  nacropoces  chan  nicropores 
soil  aggregates.  MaccopDres  retain  less  Wi 

nicropores.  H^e  lorner  characteristically  allow  the  rapid 
Diovenent  of  air  and  percolating  water  but  the  latter  ara 
mostly  filled  with  water  and  do  not  pernlt  much  air  aovenent 
into  or  out  of  the  soil  [Brady,  1984). 

X-ray  diff ractograns  of  clay  fraction  (<  2 raieton)  of 
Hulat  sand  are  shown  in  Figure  3-1.  Types  of  minerals 
present  in  the  sample  were  14  A Intergrade,  Xaolinite, 
glbbslte  and  quarts.  Those  ninetils  are  commonly  found  in 
highly  weathered  ultlsols  (Jelasny  and  Calhoun,  1971). 
Judging  from  the  intensity  of  the  diffractograns  paalts, 
minerals  quartz,  )caolinite  and  14  A intergrade  were  the 
major  clay  minerals  present  in  the  sample.  Only  a small 
quantity  of  gitijsite  was  present. 

Kaollnlte  is  a non-expending  Isl  type  of  clay  mineral. 
It  is  usually  dominant  in  a highly  weathered  soil  (Jac'xson, 
1965).  Kaollnlte  was  estimated  to  have  a CEC  between  3-15 
cmol  (i>t)Ag  and  a surface  area  7-30  n^/g  (Zelazny  and 
Calhoun,  1971).  Since  Hulat  sand  soil  Is  made  up  of  9li  sand 


1.  X-ray  dCfracrion  pattei 
clay  fraction  (<2  nicron) 


and  le  is  logical  that  juartz  was  a dominant  minetil 
present.  <^aattz  is  a tectos ilicata  and  has  a hexagonal 
crystal  aystara  {MacKenzis,  19751 . The  types  o£  ainarils 
present  in  Hulat  sand  soil  could  be  one  ot  the  ceasons  the 


Plant  Residue  Composition 

Ctop  residue  maoconutr lent  content  is  presented  in 
Table  3-2.  Among  the  four  residue  types,  corn  has  a higher 
(P  * 0.05)  macronutrient  content  than  wheat,  oat  and  rye. 
The  quantity  of  N,  p,  K,  Ca  and  Mg  in  the  residues  were  in 
agreement  with  the  values  teported  by  Larson  et  al.  (1978), 
Penster  etal.  (1978),  and  Pathak  et  al.  (1986).  Almost 
twice  as  much  H and  p was  present  in  the  corn  residue  as  was 
present  in  oat,  tye  and  wheat  residues.  Tlie  quantity  nf 
these  elsnents  in  the  residues  and  soil  was  important  in 
detatminlng  the  rates  of  mineralization  and/or 
immobilization  of  nutrients  in  the  soil  (Part  and  Papendiek, 
1978)  Blair  and  Boland,  1978;  Reddy  et  al.,  1980). 

Hicconutrient  concentrations  of  ctop  residues  are 
presented  in  Table  3-3.  Manganese  and  Fe  concentrations 
were  higher  (p  - 0.05)  in  corn  residue  than  in  the  other 
three  residues,  it  has  been  teported  that  soluble  Hn  and  Fa 
reached  potentially  toxic  levels  in  normal  unsaturated 
soils  when  largs  amounts  of  plant  residue  were  Incorporated 
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SD 

(SllioCt  and  Blaylock,  1975).  Tnis  sCody  lid  noC  sIio.<  any 
coxic  syoipton  o£  Hn  and  Pe  in  tna  soil  which  could  aCfact 
plane  growth.  Levels  oC  Cu  and  2n  wece  highest  in  oat 
cesldue. 

effects  on  Coen  Growth  and  Wutclents  Uptake 

Crop  1„  Coen  growth  in  Crop  1 was  poor.  Depending  on  the 
treatments,  the  average  plant  dry  matter  weights  were  only 
between  7.7  - 8.6  g/plant  (Figure  3-2{A)).  Applying  H 
Increased  plant  dry  weight  but  the  50  Kg  H/ha  and  100  kg 
N/ha  Induced  equivalent  responses. 

Residue  type  Influenced  plant  dry  weights.  Corn 
residue  produced  Che  highest  plant  dry  weight  and  wheat 
residue  the  lowest  (Figure  3-2(B)).  Oat  and  rye  residues 
weru  equivalent.  Residua  type  influence  on  plant  dry  weight 
could  be  attributad  to  the  differential  mlnerallaation  and 
nutrient  release  of  the  residues.  Corn  had  higher  nutrient 
concentration  than  other  residues. 

An  analysis  of  variance  (AHOVA)  of  residue  type,  N 
rate,  residue  rate  and  their  interaction  effects  on  plant 
dry  and  fresh  weights  and  tissue  nutrient 
concentration  is  shown  in  Appendix  Table  A-1. 

A three  dimensional  responas  relationship  between  the 
of  residue  rates  and  N rates  on  plant  dry  weight  la 
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shown  in  Plgut'S  3-3.  Plant  ilry  weight  was  highest  at  ths 
hlgheat  treatirient  combination  (7.5  mt  rsaldua/he  plus  103  Xg 
N/ha) . The  affect  of  H rate  was  significant  at  P ■ 0.02 
(Appendix  Table  A-1). 

Figure  3-3  suggests  that  increasing  N rates  enhanced 
the  nutrient  nineralisation  at  the  higher  residue  rates, 
enabling  the  crop  to  take  up  more  nutrients,  especially  N,  P 
and  K.  Supporting  evidence  is  shown  in  Figure  3-4  (a)  and 
Figure  3-5.  The  uptake  of  K was  increased  with  increasing 
residue  rate. 

Plant  dry  weights  were  low  in  Crop  1 probably  because 
of  several  reasons.  Firstly,  only  partial  decomposition  of 
the  residues  may  have  resulted  in  limited  release  of 
nutrients.  It  was  observed  that  some  of  these  residues  ware 
not  completely  decomposed  In  the  soli  at  the  end  of  Crop  1. 
Some  of  the  nutrients  such  as  !l  and  P may  have  been 
Immobilised  to  organic  forms  in  the  initial  stages  and  not 
available  to  the  plant.  Hlctootganlsma  utilised  these 
minerals  as  energy  substrate  and  competed  with  growing 
plants  (ooran,  19fl0i  Knapp  et  el.,  1983  a).  Secondly,  short 
day  length  and  photopetlod  may  have  had  a negative  influence 
on  growth.  The  third  reason  could  be  due  to  the  response  of 
corn  variety  to  P level  In  the  soil  (Obcesa  et  al.,  1902). 
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An  analysis  o£  variance  of  the  effects  of  tceataients 
an.i  Ihelt  Intatactions  on  cate  plant  tissue  nutrient  uptake 
is  shown  in  Appendix  Table  A-2.  Plant  uptake  was  calculated 
by  nultlplylng  the  concentration  of  the  elenenta  in  the 
tissue  with  plant  dry  weight.  Increasing  N rates  increased 
the  tissue  N and  P concentration  (Table  3-S) . Potassiura,  Ca 
and  Mg  concentrations  were  not  Influenced  by  M application. 

Tissue  N concentration  was  not  increased  by  residue 
rate  or  type  (Tables  3-6  and  3-7).  Only  K uptaka  was 
increased  by  the  residue  rates  (Figure  3-4CB}).  Residue  type 
influenced  only  the  amount  of  P In  the  tissue.  Corn  and  oats 
residues  induced  higher  levels  of  P In  the  tissue  than 
rye  and  wheat.  Tissue  Ca  and  Mg  concentrations  were  not 
affected  by  the  treatments  (Appendix  Table  A-1)  although 
their  amount  in  the  soil  was  Increased  by  the  cate  of 
residue  applied  (Figure  3-ll(A)  and  3-12{A}).  Based  on  the 
article  by  Jones,  (1967)  tissue  N (Table  3-5)  was  low  for 
treatments  0 and  50  kg  N/ha,  but  It  was  sufficient  at  100 
kg  N/ha.  Tissue  P was  low  but  X,  Ca  and  Mg  were  sufficient. 

Plant  p uptake  (ng/plant)  was  affected  by  -residue 
type,  residue  rate,  and  N rate  as  indicated  by  the  strong 
Intaraetion  between  these  factors  in  the  ANOVA  table 
(Appendix  Table  A-2).  Phosphorus  uptake  (mg/plant)  and 
single  degree  of  freedom  contrasts  for  H rates  are  shown  in 
Figure  3-5  and  Table  3-4,  respectively. 
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iVhan  corn  r-^sidue  vas  applied  at  5.0  rat/ha,  P uptake 
m3  Incceasad  by  incceasing  N tatas.  kt  othec  residue  c-atea, 
the  1 cate  did  not  influence  the  response.  Plant  P uptake 
troni  the  oat,  eye  and  wheat  residues  was  not  Influenced  by 
the  tl  rate  applied  (Table  3-4).  Calcium  and  Mg  uptake  were 
not  influenced  by  the  tceatinents  (Appendix  Table  A-2). 

Crop  2—  The  average  plant  dty  weights  In  Crop  2 were  higher 
than  in  Crop  1.  The  range  was  between  10.4  and  11.9  g/plant 
for  treatments  0 to  100  kg  N/ha  (Figure  3-61A)).  An  analysis 
of  variance  of  the  treatment  effects  and  their  intecactions 
showed  that  plant  dry  weight  In  Crop  2 was  influenced 
(P-0.05)  by  the  N cate,  and  Che  other  treatment  effects  were 
not  relevant  (Appendix  Table  A-4). 

Plant  dry  weights  were  increased  when  ri  rates  were 
Increased,  especially  at  the  low  residue  cate  (Figure  3-7). 
Without  addition  of  N (0  kg/ha),  the  effect  of  tesWue  cate 
on  plant  dry  weights  was  variable.  At  2.5  and  7.5  mt/ha 
residue  cate  plant  dry  weights  were  reduced.  More  H may  be 
required  Co  satisfy  the  C:W  ratio  (C:N  ratio  < 20)  Co  allow 
W nineraliaatlon  to  occur. 

Crop  3 --  Plant  dry  weight  in  Crop  3 was  Influenced  (P-0.05) 
by  residue  type,  residue  rate  and  W rate.  An  analysis  of 


plant  dry  weignc  indicated 
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Figure  3-7.  Three  dinenaionel  relationship 
between  the  effects  of  residue  and  N 
reces  on  corn  plant  dry  weight  in  Crop  2. 
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intec^ction  Table  A-5)  . Average  plant  weigbta 
In  Crop  3 were  between  16.3  and  20.0  g/plant  (Figure  3-8). 
With  tbe  corn  reeidae  treatnent,  the  highest  plant  dry 
weight  was  obtained  in  response  to  the  treatiaent  coiabination 
of  S.O  nc  reaidue/ha  and  100  kg  N/ha.  At  a higher  rate  of 
corn  residue  (7.8  mt/ha)  plant  dry  weight  was  reduced. 

Oat  residue  applied  at  2.5  ct/ha  in  combination  with 
100  kg  E4/ha  produced  the  highest  plant  dry  weight.  For  the 
rye  residue  treatment/  the  highest  plant  dry  weight  was 
obtained  from  a treatment  combination  2.5  mt  residue/ha  plus 
50  kg  N/  ha.  Wheat  residue  added  at  2.5  mt/ha  plus  50  or 
100  kg  N/ha  produced  about  the  same  plant  dry  weight  (Figure 
3-8). 

In  general,  it  was  observed  that  K applied  at  100  kg/ha 
in  combination  with  5.0  mt  corn  cestdue/ha  increased  plant 
dry  weight  but  with  other  residues  (oat,,  rye  and  wheat)  the 
same  amount  of  N was  sufficient  in  combination  with  2.5  mt 
cesidue/ha  to  induce  a positive  response  in  dry  weight. 

A larger  amount  of  inorganic  K would  be  required  to 
reduce  the  CsN  ratio  of  the  oat,  rye  and  wheat  residues  to 
less  than  20*.l  than  for  the  corn  reaidue.  We  C:N  ratios  for 
corn,  oat,  rye  and  wheat  residues  were  38!l,  77*1,  75:1  and 
80:1  respectively.  A C:H  ratio  of  less  than  20:1  is  required 
for  the  mineralisation  of  N in  crop  residues  (Tisdale  et 


..,  1885;  Broadbent, 
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Thess  tasults  suggest  that  optimum  gcowth  of  corn 
treated  with  5.0  3it/ha  of  corn  residue  tan  be  obtained  with 
the  combination  oE  100  kg  N/ha.  Whereas  with  oat,  rye  and 
wheat  residues,  100  Kg  N/Iia  was  sufficient  for 

mineralisation  of  only  2.5  mt/ha  of  these  residues.  Mote 
than  100  kg  N/ha  is  required  for  optimum  growth  if  the 
amount  of  oats,  rye  and  wheat  residues  added  was  3.0  mt/ha 
or  mote.  Immobilisation  of  s nay  haue  taken  place  when  high 
rates  of  residue  were  applied  especially  when  the  CiK  ratios 
were  high.  Similar  results  were  reported  by  Flnck  et  el. 
(1950),  Bendtickson  (1985),  and  White  (1984). 

The  effects  of  treatments  and  their  interactions  on 
coot  dry  weight  and  shoot:coot  ratio  ace  shown  in  Appendix 
Table  A-5.  Root  Jty  weight  was  Influenced  by  residua  type. 
Applieetlon  of  oat  residue  induced  the  highest  coot  dry 
weight  and  wheat  residue  the  lowest  (Piguca  3-9(A)). 
Shooticoot  ratio  was  also  affected  by  residue  type  (Appendix 
Table  A-5) . It  was  highest  with  the  wheat  residue  treatment 
and  lowest  with  corn  residue  treabment  (Pigure  3-9{3))  . An 
explanation  for  the  differential  response  in  coot  dry 
weights  and  shoot:coot  ratios  could  be  related  to  the 
nutrient  release  pattern  of  the  residues.  Boote  (1977) 
reported  that  the  plant  shoottcooc  ratio  was  dependent  upon 
the  availability  of  nutrients  in  the  soil.  A similar 
hypothesis  was  proposed  by  Barber  (1984).  Plant  coot  weights 
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were  rscordsd  only  in  Ccop  3.  In  Ccnp  1 and  Crop  2 tha  coots 
wsce  left  in  the  soil  to  decompose. 

Efteats  on  Soil  Pcopectles 

CcDP  An  analysis  of  variance  of  the  effect  of  treatments 
and  their  Interactions  on  soil  pH  and  Hehlich  I extractable 
nutrients  is  presented  in  Appendix  Tabls  A-3.  Soil  pH  In 
water  and  1 H RCl  were  affected  by  residue  types  and  cates. 
Soil  pR  In  R2O  1:2  ( so  11 :solutlon  ratio)  was  increased  when 
residue  application  was  Increased  (figure  3-4{Al).  This 
Increase  in  pB  could  be  due  to  the  removal  or  COTplexatlon 
of  exchangeable  A1  by  the  organic  matter  (Figure  3-10). 
Addition  Of  crop  residues  reduced  the  amount  1 M KCl 
exchangeable  Al.  Furthermore,  where  no  residue  was  applied. 
Increasing  the  N rate  reduced  the  amount  of  exchangeable  Al 
In  soil.  This  could  possibly  be  due  to  the  enhancement 
effect  of  N on  the  decomposition  of  organic  matter  (3%)  in 
soil.  Single  degree  of  freedom  linear  contrasts  for  H rates 
are  shown  in  Table  3-9.  In  general,  application  of  N in 
combination  with  crop  residue  did  not  increase  the  1 .X  KCl 
exchangeable  soil  Al  in  soil.  The  effectiveness  of  organic 
natter  in  removing  exchangeable  Al  from  soil  solution  has 
been  observed  by  other  researchers  (aargrove  and  Tnomas, 
1981)  Flonke  and  Corey,  1967i  Ahmad  and  Tan,  1986). 
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Heslda?  type  influenced  soil  ?H  (Appendix  Table  A-3) . 
Soils  tecaiuing  u/heat,  oat  and  corn  fesidues  had  a higher 
pH  in  water  (1:2)  than  soils  receiving  rye  residoe  (Table  3- 
10).  We  highest  water  and  1 H KCl  pfl  were  obtained  in  soil 
treated  with  corn  residue  and  the  lowest  in  soils  treated 
with  rye  residue.  The  magnitude  of  differences  night  not 
practically  .leaningful  although  it  was  significantly 
different  at  P » 0.05  level. 

Another  poseible  reason  for  the  soil  pB  increase  in 
response  to  the  addition  of  crop  residues  (Table  3-10]  is 
the  removal  of  H from  soil  solution  by  the  negative  charge 
of  A1  oxides  or  Si  oxides  (Dt.  T.  L.  yuan,  personal 
communication).  Decomposition  of  organic  residues  could 
result  in  formation  of  CO2  which  combines  with  water  to 
form  oetbonic  acid.  Dissooiatioo  of  this  weaX  acid  into 
and  HCO3  would  thus  provide  h'*^.  Sot  B*  could  be  attached 
to  the  negative  charge  of  an  O2  atom  on  the  surface  of  A1  or 
31  oxides  present  in  this  acid  soil.  This  aeries  of  possible 
reactions  is  illustrated  es  follows: 

Crop  decomposed 

residues  ^ C0  2*H20  , HzCOg 


(All 
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Data  shown  in  Figure  3-10  might  be  related  to  the  M- 
ocganic  matter  complax  mentionel  by  Leuashhevich  (19661.  It 
was  beyond  the  scope  of  this  study  Co  evaluate  this  complex. 
An  analysis  of  variance  of  the  1 H KCl  exchangeable  soil  M 
indicated  that  residue  type,  residue  rate  and  their 
interactions  were  highly  significant  (P-0.01,  except  for 
residue  rate  P-0.05)  (Appendix  Table  A-3). 

liehlich  I extractable  p,  R,  Fe  and  fn  were  not 
influenced  by  the  treatments  (Appendix  Table  A-3).  Soil  Ca 
increased  with  increasing  residue  application  (Figure  3- 
11(A)).  however,  the  mean  difference  between  cealdue  cates 
2.5  and  5.0  mt/ha  was  not  significant.  The  amount  of  Ca 
released  by  the  residue  was  calculated  by  subtracting  the  Ca 
concentration  of  the  control  from  the  Ca  in  7.5  mt 
resIdua/ha  treatment.  Approx imataly  5 mg  Ca/kg  soil  was 
released  from  each  mt  of  residue  applied.  This  quantity  is 
considered  as  'appecent  mineralisable ' Ca  in  the  rseidus. 

Althcxigh  the  quantity  of  Ca  in  soil  was  affected  by  the 
residue  rate,  the  amount  taken  up  by  the  corn  plant  was  not 
(Compare  Appendix  Table  A-2  and  Appendix  Table  A-3).  Calcium 
levels  in  the  residues  were  high  especially  in  corn  (Table 
3-2) . Calcium  could  be  released  from  soil  minerals  by  a 

weathering  process  in  which  organic  acids  produced  by  the 
residues  during  decomposlton  degraded  the  soil  minerals 
(Tan,  1906).  ■Biarefore,  the  'actual'  amount  of  Ca 
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mineralized  from  the  residoes  cannot  be 

Tissue  Cs  eis  not  affected  by  opplled  treatments.  Soil 
Ca  could  be  held  strongly  by  the  humic  fraction  of  the 
organic  matter  to  form  Cu-hunate  (Bloom,  1981).  Calcium  is 
taken  up  by  the  plant  only  in  the  ionic  form  Ca  (Barber, 


Hehlich  I soil  extractable  Cu  was  higher  in  oat  residue 
(P=0.SS)  than  in  the  other  three  types  of  residue  (figure  3- 
11(B)).  Corn,  rye  and  wheat  residue  treatments  contained 
about  the  same  quantities  of  Cu . The  effect  of  reeidue  type 
on  Hehlich  I soil  extractable  Cu  corresponded  to  the 
original  amount  of  Cu  in  the  residues  (Coiii>are  Figure  3- 
11(B)  with  Table  3-3).  Residue  and  N rates  did  not  Influence 
the  amount  of  Hehlich  I soil  extractable  Cu  (Appendix  Table 
A-3)  . 


Copper  may  be  bound  with  the  organic  matter  to  fora  a 

complex.  Bloom  (1981)  suggested  that  the  Cu  ion  la 

possibly  bound  by  coordinate  bonds  to  water  and  carboxyl 

0,  of  the  organic  matter  to  form  an  Inner  sphere  complex 
formation.  Such  complex  formation  restricts  the  mobility  of 
Cu^*lon  in  the  soil.  Electron  spin  tosonanoe  spectroscopy 
(BSR)  of  this  complex  formation  showed  that  it  was  not 
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chelate  formation  (He  Bride, 


MehHeh 


1 soil  extractable  Hg  at  the  end  oE  Crop  1 
was  affected  by  residue  rate,  residue  type  and  1 rate 
(Appendix  Table  A-3) . Plant  tasldua  application  increased 
the  aitount  of  Mg  in  the  soil.  Howa/et,  soil  !lg  did  not  yaty 
betwen  2.5  and  S.O  mt/ha  of  residue  added  (figure  3- 
12[A}].  Hie  highest  amount  of  Hg  was  found  in  treatjaents 
receiving  7.5  mt  resldue/ha  (42  ng  Mg/kg  soil)  and  the 
lowest  in  the  control  (32  ng  Hg/kg  soil).  Calculated  average 
Hg  release/rat  of  residue  is  about  1.3  mg  Hg/kg. 

Oat  and  wheat  residue  treatments  had  the  highest  amount 
of  extractable  soil  Mg  and  the  rye  residue  treabment  the 
lowest  (Figure  3-12(B)J.  TlUs  result  did  not  follow  the 
trend  of  the  original  content  of  the  element  in  the  residue 
(Table  3-2).  A possible  explanation  could  be  due  to  the 
complex  formation  between  the  humic  fraction  of  these 
ceslduos  with  Hg  . Fulvlc  acid  (FA)  has  a greater  affinity 
for  Mg  than  other  cations  (Schnitaer  and  Hansen,  1970). 
Different  reaidus  types  could  release  different  amounts  of 
FA  upon  decomposition  and  the  higher  the  amount  of  FA  the 
more  Hg^*  that  could  be  bound  or  complexed. 

Schnitxet  and  Kodana  (1977)  divided  the  decomposed 
products  of  animal  and  plant  residues  into  'humic'  and  'non- 
huraic'  substances.  The  humic  fraction  is  the  major  portion 
of  the  organic  matter  in  soil  which  is  not  easily  attacked 
by  microorganisms.  It  has  a long  survival  rate 


while 
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non-hU'Bic  poctlort  Is  tii2  oppostts.  Ths  humic  ttsctlon  can  b-5 
2i/lde3  iato  3 oatagories  call'd  humic  acid  (dA),  tulvlc 
acid  (FA)  and  humln  baaed  on  Chal;  solubility  In  alKall  and 
acid.  The  huiaic  fraction  plays  an  important  role  in  the 
formation  of  stable  water  soluble  complexes  with  metal  Iona 
and  hydrous  oxides  (Schnltser  and  Skinner,  1965)  ■ 

Addition  of  N increased  the  amount  of  rdechllch  1 
extractable  soil  Mg.  Sowevar,  application  of  50  and  130  kg 
N/ha  produced  the  same  effect  on  eoil  Mg  (Figure  3-12{C}). 
Addition  of  M probably  enhanced  the  residua  decomposition 
which  subsequently  released  Mg  into  the  soil.  'Rie  average 
increase  of  soil  Mg  due  to  the  addition  of  N compared  to 
the  amount  in  the  control  (no  H)  was  small,  about  3.5  mg 
Mg/kg  soil. 

Crop  2 An  analysis  of  variance  of  treatment  affects  and 

their  Interactions  on  soil  parameters  Is  presented  in 
Appendix  Table  A-4.  Soil  pH  valuss  (both  in  water  and  1 M 
RCl)  were  affected  only  by  residue  rate.  Increasing  residue 
rate  Increased  the  soil  pH  (F>0.05J  (Figure  3-6[B)). 
Although  the  pH  increase  due  to  the  residue  might  not  be 
agronomlcally  Important  it  could  have  a long  term  effect  on 

Mehlich  I extractable  K and  Ca  were  Influenced  in  a 
non-parallel  fashion  by  the  interaction  of  residue  type  and 
cate  (Appendix  Table  A-4).  Figure  3-13  shows  the  amount  of 
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ariojs  r93l(3u«  rates  and  types. 

£oc  coraparlson  o£  mean  values  of  soli  K at  tha 
te  ot  2.5  rat/lia  showed  that  the  highest  quantity 
of  K occurred  with  rye  and  the  lowest  with  oat  and  corn.  At 
5.0  mt  restdue/ha,  rye  and  corn  produced  the  highest  soil  K, 
wheat  the  lowest. 

Effect  of  residue  type  and  cate  on  Mehlich  I 
extractable  soil  Ca  was  different  from  K.  Figure  3-14  shows 
that  at  2.5  rat  rasidue/ha,  oat  and  wheat  were  superior  to 
corn  and  rye  in  supplying  Ca.  Corn  residue  applied  at  5.0 
nit/ha  resulted  in  the  highest  level  of  soil  Ca  whereas,  oat 
produced  the  lowest  level.  At  the  highest  rate  of  residue 
(7.5  Bt/ha) , corn  again  produced  the  highest  soil 
extractable  Ca  level  and  oat  the  lowest. 

Data  in  Figures  3-13  and  3-14  suggest  that  the  nahlich 
I extractable  it  and  Ca  in  Mulat  sand  soil  attar  i months 
Incocpocition  with  crop  residues  were  dependent  upon  the 
type  and  rate  of  residues  applied.  These  data  also  Indicate 
that  at  higher  residue  rates  (5.0  and  7.5  rat/ha)  corn 
tesidue  produced  the  largest  amount  of  soil  K and  Ca 
compared  to  the  other  three  tesidue  types.  This  was  possibly 
due  to  the  higher  degree  of  humification  of  crop  residues 
(Compare  Appendix  Tables  A-3  and  A-4). 

Hehlieh  I extractable  soil  Fe  was  Influenced  by  residue 
was  higher  in  corn  and  rye 
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treataeats  chan  la  tha  whaat  tcaatnant  (Tabla  3-11).  The 
ceeulCs  rfece  diCSareat  fcoai  the  tcends  of  ocl^lnal  Fj 
content  In  the  cesldues.  One  passible  ceason  foe  Chin 
divergence  could  be  due  to  the  additional  Fe  produced  by  the 
degradation  of  clay  minerals  by  organic  acids  from  residues 
and  complexation  by  BA  and  PA.  Different  types  of  residue 
may  have  produced  different  amounts  of  FA  and  BA. 

Levashkevich  (1966)  suggested  that  the  reaction  between  FA 
or  BA  with  Pe  hydroxide  in  acid  sandy  soil  is  as  followsi 


Pe(0B)2  n.^aODC) 


Pe(OH)2 

Pe(OB) 


where  R represents  HA  or  PA  nucleus  and  Oil  is  a phanoUc 
hydroxyl  group.  Complexatton  of  Fe  with  the  hunio  fraction 
of  organic  matter  tendered  the  aleraent  less  available  in 
exchangeable  form  (Stevenson,  1982). 

Kehllch  I extractable  soil  p,  Cu  and  Zn  at  the  end  of 
Crop  2 were  not  affected  by  the  treatments  (Appendix  Table 
A-fl).  The  results  were  similar  to  Crop  1 except  that  soil 
Cu  was  affected  by  the  residue  type  in  Crop  1 (Compare 
Appendix  Tables  A-3  and  A-4). 
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Ccop  3..  Ttie  effects  of  tceatinents  erii3  theU  intefactloos  on 
soil  pa  and  Hcnllch  I •ixttsctable  soil  nuttlents  'icj  shown 
In  Appondix  Table  A-6.  Residua  cate  Ineceased  soil  pa 
(P-0.01).  Residue  and  H cates  intecacted  in  their  Influence 
on  both  water  and  1 ]1  KCl  soil  grti  (P-0.05).  This 
relationship  of  residue  and  N cate  on  soil  water  p3  is  shown 
in  a surface  response  diagram  (Pigure  3-15).  The  lowest  pH 
(4.78)  was  observed  in  the  control  treatment  (no  N and  no 
residue)  and  highest  at  7.5  mt  cesidue/ha  (pH  ■ 5-07). 

A strong  relationship  between  soil  pa  and  1 H KCl 
exchangeable  soil  A1  was  obsetced.  Soil  pB  was  lowest  when 
the  amount  of  1 « KCl  exchangeable  A1  was  highest  and  vice 
versa  (Compare  figure  3-15  with  Table  3-12).  The 
effectiveness  of  organic  laatter  in  reducing  the  atount  of  1 
M SCI  exchangeable  soil  A1  has  beeh  discussed  earlier  in 
Ccop  1.  Reaction  of  acidic  A1  In  soil  was  proposed  by  Plonk.* 
and  Corey  (1967)  as  follows: 


A1  (0B)3 


A1  (OH)' 


SOILpHiN  H20(]:2) 
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Figure  3-15.  Three  dlnenslonal  reletlonehip 
between  the  effects  of  residue  rete  end 
N race  on  soil  pH  in  water  <1;2)  at  the 
end  of  Crop  3. 


acti'^ity  o£  hydcated  trivalmt  A1 


where  A1  represents  tl>e 
ions  on  soil  solution,  M-x  reCscs  to  KCl  exchnngeeble  M, 
M-OM  refers  to  the  conponent  of  nooexchangeable  acidic  M 
coraplex  by  organic  natter,  and  Al^{Oa)3y.z  refers  to  the 
component  of  non-exchangeable  acidic  hi  that  is  polyneclzed 
and  probably  residing  on  particle  surfaces. 

soil  bulX  density  was  affected  only  by  the  residue  rate 
(Appendix  Table  A-S).  Crop  residue  addition  decreased  the 
bulk  density  of  the  soil  (Figure  3-lS{A)).  Single  degree  of 
fresdon  linear  contrasts  indicated  that  the  nean  difference 
between  treatments  2.5  and  5.0  rat  resldue/ha  was  significant 
at  2%  leyel  but  was  not  significant  at  tbe  5«  leuel  for  the 
difference  between  2.5  and  7.5  nt  cesidue/ha.  Reduction  of 
soil  bulk  density  in  response  to  the  addition  of  yarylng 
residue  cates  has  been  reported  by  other  resaurchers  (Slack, 
1973  b;  Black  and  Siddoway,  1979)  Horachan  et  al.,  19721  . 
however,  some  reports  have  shown  that  crop  residue  addition 
to  the  soil  had  no  effect  on  bulk  density  (Bhetn^ar  et  al., 
1963;  Sedge  et  al. , 1962;  Retcheson  and  Beauchamp,  1978). 

hehllch  I extractable  soil  P was  influenced  only  by 
residue  type  (Appendix  Table  A-£l  . Corn  residue  treatment 
produced  higher  levels  of  soil  P than  oat,  rye  and  wheat 
(figure  3-16(B)).  A reduction  in  soil  P due  to  residue 
addition  was  reported  by  Black  (1973  b)i  Black  and  Siddoway 
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(1979)j  and  Lscaon  st  al.  (1972).  Hawevec,  In  a long  iata 
study  (20  yr)  In  Canada,  Halstoad  and  Sonden  (1963)  cspattad 
that  the  effect  oas  not  consistent.  White  (1934)  also 
reported  that  the  effect  of  residue  on  soil  P tfas  unclear. 
The  contradictory  results  on  the  effect  of  residue  on 
available  P might  be  due  to  the  different  types  of  soil 


Mehlich  1 extractable  soil  Mg  and  Zn  at  the  end  of  Crop 
3 were  influenced  by  the  residue  type  (Appendix  Tabla  A-6). 
Soil  Mg  was  highest  in  both  corn  and  wheat  residues 
treatments  and  lowest  in  oat  residue  treatment  (Figure  3- 
17(A)).  Soil  fn  was  higher  in  the  oat  residue  treatment  than 
the  corn,  rye  and  wheat  treatments,  three  residues 
(corn,  rye  and  wheat)  produced  about  the  same  amount  of 
extractable  soU  Jn.  Oat  residue  originally  contained  iiori 
Zn  than  the  other  residues  (Table  3-3). 

Soil  K was  increased  by  increasing  levels  of  N (Figure 
3-181A}).  This  could  be  due  to  release  of  greater  quantities 
of  K as  a result  of  more  residue  decomposition  in  response 
to  increasing  N cates.  A similar  result  was  reported  by 
alack  (1973  b)  and  Halstead  and  Sowden  (1963). 

The  effect  of  N on  soil  Ca  was  significant  at  the  91 
probability  level  (Figure  3-18(8)).  The  reduction  of  soil  Ca 
could  be  due  to  the  formation  of  Ca-humate  as  a result  of 
more  rapid  residue  decomposition.  Caicium-humate  is  an 
unavailable  form  of  Ca  (Slooni,  1981). 
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Residue  addition  incraasad  tha  aaoont  of  K and  2n  in 
the  soil  (Table  3-13).  Extractable  soil  K was  increased  by 
Incceasltij  the  rate  of  residue  addition  fron  2.5  to  7.5  mt 
residae/ha  (P*0.05)  but  the  Intermediate  leuel  of  5.0  .st/ba 
was  not  different  froit  2.  5 is/ha. 

Conparisons  of  the  soil  C:N  ratios  were  made  between 
Crop  1 end  Crop  3 (Table  3-14).  Increasing  residue  rate 
increased  the  soil  CsS  ratio.  The  C:N  ratio  of  the  control 
treaOBent  (no  residue)  decreased  between  Crop  1 and  Crop  3. 
This  reduction  could  be  due  to  the  lost  of  C as  CO2  during 
soil  organic  matter  decomposition.  Residue  addition 
increased  the  C:N  ratios  because  of  the  C added  from  the 
residues. 


Conclusions 

Crop  residues  contributed  to  the  overall  fertility 
of  Mulet  send  soil.  However,  the  treatment  effects  varied 
between  Crop  1,  Crop  2 and  Crop  3 possibly  due  to  the 
residue  decomposition  and  nutrient  mineralization.  Plant  dry 
matter  production  for  the  three  crops  followed  this  trend: 
Crop  3 > Crop  2 > Crop  1. 

A strong  relationship  was  observed  between  soil  pH  and 
1 M RCl  exchangeable  soil  M.  Crop  rasidue  addition  reduced 
the  exchangeable  soli  M and  increased  soil  pH  in  all  three 
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Mehllch  I ^xtrdctabl?  nutrients  in  soil  inccaasnd  9uo 
to  residua  oontence  oC  the  studied  nlsments.  UptaRe  of  H,  P 
and  K by  corn  in  Crop  1 was  affected  by  the  residue 
treatments,  but  Ca  and  Mg  were  not.  The  release  of  Ca  and  Mg 
in  soil  possibly  formed  a complex  with  soil  organic  matter 
which  is  not  plant  available. 

Tissue  M was  increased  by  M addition  but  was  not 
affected  by  residue  type  and  rate.  Levels  of  tissue  P 
depended  on  residue  rate,  and  type  and  H rate.  Potassium 
uptake  Increased  with  increasing  residue  rates. 

Nitrogen  must  be  added  to  grass-straw  residues  to 
satisfy  the  CsN  ratio  for  mineralisation  of  nutrients.  The 
addition  of  50  kg  N/ha  was  sufficient  for  corn  residue 
mineralisation.  However,  oat,  rye  and  wheat  residues  reguire 
more  than  100  kg  N/ha  to  induce  positive  response  on  corn 
growth,  with  this  In  mind,  farmers  should  choose  residues 
which  have  low  C:N  ratios.  Corn  always  is  a better  choica 
than  oat,  rye  and  wheat.  Residue  type  not  only  influenced 
plant  dry  weight  but  also  toot  dry  weight.  Response  to 
application  of  a given  residue  is  apparently  related  to  the 
amount  of  nutrients  released  by  the  residue. 

Corn  growth  was  reduced  when  the  crop  was  planted 
Immediately  after  incorporation  of  realdue.  Planting  the 
crop  60  days  after  incorporation  of  residues  was  beneficial 
for  corn  growth.  Therefore  It  Is  recommended  that  the 
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soil  after  Incorporation  with  cesidoa  should  bo  loft  tnllou 
for  at  least  2 inonths  before  planting  tn-e  fallowing  aro?. 
However,  further  research  needs  to  be  carried  out  under 
field  conditions  to  verity  this  recommendation. 

Soil  bulk  density  was  reduced  and  soil  C:H  ratio  was 
increased  by  the  addition  of  residues.  A reduction  in  bulk 
density  should  result  In  a greater  porosity  and  better  soil 
structure  and  aggregation. 

The  following  points  should  be  considered  in  future 
studies  on  crop  residue  addition  into  soils 

(a)  use  a low  fertility  soil  so  the  effects  are  more 
pronounced.  Mulat  sand  would  be  classified  as  a moderately 
fertile  soil  because  of  its  levels  of  nutrients  and  organic 

(b)  Use  crop  residues  which  ate  relevant  to  the  cropping 
system  such  as  corn,  peanut  (Arachts  hy pog ae  L.),  soybean 
(Glycine  max  L.)  and  vetch  (Vleia  vlllosal ■ These  crops  are 
usually  planted  In  the  cropping  system  In  a tropical  and 
subtropical  area  like  Florida. 

(c)  Methods  of  residue  addition  into  soil  should  he 
evaluated,  i.e.  residue  cut  and  left  on  soil  surface, 
burning,  and  residue  left  standing  without  cutting. 

(d)  Allowing  60  days  for  the  residue  to  decompose  before 
planting  the  next  crop  may  not  be  practical.  Therefore, 
solutions  to  this  problsm  are  worth  Inves tigating . 
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Se  car«CiJl  in  aCt«dptlng  bo  apply  gcecnhousa  r^searoh 
Elsld  application  bacauaa  the  anvlconmental  vatinbllity 
the  field  Is  usually  difficult  to  control. 


CHAjrSH  IV 

lABORATORV  INCUBATION  STUQIGS  0?  CROP  RESIJUS 
TTPES  AND  APPLICATION  RATES  WITH  AND  WITHOUT 
:l  ADDITION. 

Intcodvction 

For  many  yr«  exogenous  sources  of  organic  materials 
have  been  used  as  supplements  to  cover  crops  in  an  attempt 
to  maintain  the  soil  organic  matter.  Many  studies  have 
evaluated  the  effects  of  crop  residue  additions  on  plant 
growth  and.  to  a lesser  extent,  on  soil  properties 

(Bhatnagar  et  al.,  19B3|  Black,  1973  b;  Douglas  et  al., 
I960;  Karlen  et  al.,  19B4].  In  contrast,  with  the  exception 
of  the  notable  worts  by  Bond  and  Willis  (1969),  Broadbent 
and  Bartholomew  (1949),  and  Hallara  and  Bartholomew  (1953), 
little  attention  has  been  given  to  character  1 ting  the 
decomposition  of  various  types  and  application  cates  of  crop 
residues . 

Full  scale  field  testing,  even  in  small  plots,  however 
ceguices  time  and  effort,  and  1s  subject  to  variability 
induced  by  weather  and  management.  Such  effort  and 
variability  could  be  reduced  if  laboratory  Incubation  of 
crop  residues  nixed  with  soil  could  serve  as  a valid 
screening  for  decomposition  rates.  Such  a test  might  also 
provide  more  information  on  the  course  of  decomposition  than 
is  possible  to  obtain  under  field  conditions. 
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Ccop  residue  decoaposi tlon  rates  can  be  estimated  by  : 
1)  measuring  tbe  CO2  evolution,  2)  measuring  03  uptaka,  1) 
determining  ueighc  loss  and  4)  estimating  the  d isappsarano 5 
of  a specific  constituent  such  as  cellulose  and  lignin 
(Alesandec,  1977:  Reddy  et  al.,  1900).  In  this  study  the 

first  method  was  chosen  because  it  is  the  moat  common  and 
accurate  method  available. 

accordingly  three  laboratory  incubation  studies  were 
designed  to  examine  the  decomposition  of  ccop  residues  in 
the  same  soil  used  in  the  glasshouse  studies  (Chapter  III). 
The  studies  were:  1)  The  effects  of  cssldus  type  on  CO2 
evolution  at  a fixed  rate  of  residue  (5.0  mt/ha)  without 
addition  of  N,  2)  The  effects  of  4 cssidue  cates  and  4 
residue  types  on  COj  evolution  without  addition  of  S and  3) 
The  effects  of  3 N fertiliser  cates  on  CO2  evolution  at  a 
fixed  rate  of  residue  (5.0  mt/ba) . 

The  objective  of  the  first  study  was  to  coegiace  the 
deconposi tlon  rate  of  corn,  oat,  rye  and  wheat  residues  at 
5.0  nt/ha  without  added  N.  The  5.0  mt/ha  rate  was  chosen  to 
represent  a medium  cate  of  residue  addition.  The  second 
study  was  aimed  to  cospace  the  effects  of  four  loading  cates 
(0,  2.5,  5.0  and  7.5  mt  resldues/ha)  without  addition  of  9. 

The  third  study  was  to  compare  the  effects  of  3 N rates  (0, 
50,  and  100  Kg/ha)  on  the  decomposition  of  4 residue  types 
at  5.0  mt/ha.  In  all  studies  the  residue  decomposition  rates 


103 

ware  detecffllned  by  tha  jnount  of  CO2  or  CO2-C  avolaol  £ron 
the  mixtures  of  rasbiues  end  soil  or  so  calleii  'soil 
resplconetec' . 


HateclaU  a 


a Methods 


One  hundred  g of  ait  dry  Hulal  sand  soil  plus  250  mg  of 
scop  residue  were  .mixed  with  100  g soil  In  500  mL 
Erlennieyar  Elaslis  which  gave  equivalent  amount  of  5.0  mt 
casidue/ha.  The  soil  was  taXen  from  the  bulk  soil  samples 
foe  glasshouse  studies  (Chapter  III),  Mixtures  were 
moistened  to  approximately  field  capacity  (7%  by  weight 
basis)  by  adding  CO^-free  water.  Controls  were  prepared 
identically  but  without  crop  residue  addition.  Each 
treatnent  Including  controls  was  replicated  3 times.  Crop 
rastdues  used  was  between  0.5  and  1.0  era  length. 

A stream  of  humidified  C02-fr#e  alt  was  passed  tncough 
ths  flasks  and  the  evolved  COj  fto.n  each  flask  was  collected 
In  test  tubes  containing  50  ml.  0.1  M NaOB  solution  (Figure 
4-1) . The  air  stceara  passed  into  the  flasks  from  an  aquarium 
pump  was  purified  in  a scrubber  system  in  a series  of  three 
1000  mL  flasks.  The  flasks,  in  secies,  contained 
concentrated  HjSO^,  3 H UaOB  solution  and  C02-tcee  water. 
The  concentrated  H SO  was  used  to  remove  short  chain  c 
compounds  in  the  air.  Three  H HaOH  were  used  to  remove  CO2 
in  the  air.  Between  the  scrubber  and  each  incubation  flasks 


^ia  a manlf'ald  which  4istcibute'^  the  ilr  into  hha  Elasys 
thChO'jh  j,3ual  laagth  capUlary  tubas,  thus  ptawUirig  ai 
equal  flow  cate  Esc  each  Elast.  \ conCcol  valve  was  use^j  to 
regulate  or  adjust  ale  flow,  ale  Elow  rata  was  about  20  nL 
per  nlnute  of  CO^-Ecee  air.  nie  cate  was  adequate  Eoc  a 
sinilac  Incubation  study  (StotzKy,  1P$5) . 

The  50  mL  o£  fl.l  ^ tlaOH  solutions  wees  ceplaced  at  1, 
2,  4,  7,  10,  15,  20,  25,  30,  35,  40,  45,  50,  55  and  SO  days 
fcois  the  day  experlnent  was  started.  Sach  oE  these  saitplus 
were  titrated  with  0.1  H HCl  following  pcecipltation  o£  COj 
with  1.5  M BaCl2  solution  to  a phenolphtalein  end-poi.nt 
(Stotsky,  1555).  The  amount  of  CO2  evolved  was  determined 
by  the  following  equation: 

3 ■ average  volume  of  UCl  required  to  titrate  the  Na03 

from  Che  blank  treatment. 

V w volume  required  to  titrate  the  NaOH  solution  from 

M = the  molarity  o£  BCl,  (O.l  H) . 

B • equivalent  weight  oE  CO2. 

a similar  technique  was  followed  in  all  incubation 
studies.  Different  treatments  were  imposed  to  suit  the 
objective  in  each  study.  In  the  study  to  connate  the  effects 
of  three  P races  on  the  decomposition  rate  of  crop  residues 


•at  5.0  mt/ha,  tOe  N "as  applie'3  in  solution  foc-D.  Aatoiiun 
nltcata  dissolved  in  C02-£tea  oatac  vas  vsed  as  the 
inoc9anlc  N soocca. 

Room  tenperatuce  uas  maintained  at  25t2*C  during  each 
eicperimental  period.  Flasks  containing  soil-crop  residue 
ntixtuces  were  weighed  periodically  adjusted  to  ensure  that 
the  soil  water  content  was  adequate. 

statistical  analysis  of  the  differences  In  C02 
evolution  among  Che  treatments  was  carried  out  using  the 
non-linear  model  procedures  in  sas  (SAS  Institute  Inc., 
1905).  Since  each  experiment  was  conducted  once  within  60 
days  of  incubation  Che  best  non-linear  regression  equation 
to  fit  the  amount  of  cumulative  CO2  is  Y ■ A x^  where  Y is 
Che  estimated  value  of  cumulative  CO2,  A is  a constant  and 
depends  on  the  residua  type  and  x is  the  time  of  i.ncubation 
(days) . This  regressioa  modal  was  adapted  from  Little  and 
Kills  (1978).  If  the  incubations  are  carried  out  for  a very 


the  estimated  value  of  cumulative  COg,  A is  a constant 
LCh  depends  on  the  residue  type,  K is  a decomposition  rate 
x is  the  time  of  incubation  (days). 

Compatlsons  were  made  among  the  residue  treatments 
using  the  Duncan's  multiple  range  test.  A least  significance 
difference  (LSD)  procedure  was  used  Co  compare  the  mean 
values  of  CO,  evolved  by  different  residue  rates  and  N rates 
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at  tha  51  pcobabllity  leusl  uhen  tha  trealnent  effects  were 
sl'jniflcant.  Calculations  wsra  done  using  the  I3rl  coaputac 
at  Che  northeast  Regional  Data  Center  (NEROC)  located  on  the 
Dnivecsicy  oE  Florida  campus.  Diagrams  were  computer  drawn 
by  using  SAS/Ccaph  user's  guide  (Council  and  Helwig,  1981). 

Results  and  Discussions 
CQ.%  Evolution  of  Soil-Residua  Type. 

Mean  cumulative  COg  evolution  varied  considerably 
among  residue  types  (Figure  4-2).  The  trend  of  cumuiative 
CO2  evolved  during  the  first  22  days  of  incubation  was  oat  > 
corn  > rye  > wheat  > control  treatment.  However,  in  between 
32  to  60  days  Che  corn  residue  plus  soil  mixture  evolved  a 
larger  quantity  of  COg  and  the  trend  was  changed  Co  corn  > 
oats  h rye  0 wheat  > control.  Tha  larger  amount  of  CO2 
evolved  from  the  oat  treatment  during  Che  first  32  days  as 
compared  to  corn  treatment  could  be  due  Co  Che  higher 
fraction  of  readily  available  C in  oat  residue.  It  has  been 
observed  by  Knapp  eC  al.  (1963  b)  Chat  the  higher  Che 
fraction  of  available  C in  tha  residue,  Che  greater  the 
amount  of  CO2  evolved  or  higher  Che  decomposition  race. 
Total  C in  Che  residue  w.as  not  a good  parameter  to  estimate 
the  relationship  between  C.'N  ratios  and  residue 
decomposition  rate.  However,  in  this  study  it  was  found  chat 
the  total  COj-C  or 


CC^  evolved  from  residue  plus 


.,.«Rye 
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mixtur<3s  wia  a good  ostiiaator  o£  rasiduo  docooipoa itloo  cato 
(Table  «-2  and  Flgucs  3-2). 

Addition  of  a weak  acid  was  foond  to  inhibit  CO2 
evoljtlon  (Hendrickson,  1989).  Therefore,  corn  residue  nay 
have  produced  more  organic  acids  than  oat  residue  and  less 
CO j was  evolved  in  the  first  32  days  of  incubation.  After  32 
days,  microbes  may  possibly  utilise  the  organic  acids  as  an 
energy  substrate  and  the  organic  acids  were  not  a factor 
that  reduced  the  CO « evolution. 

Another  possible  reason  for  the  smaller  quantity  of  CO  2 
evolution  by  corn  residue  treatment  could  be  due  to  its  high 
lignin  content.  Lynch  (1979)  reported  that  the  lignin 
content  In  mature  corn  residue  was  higher  than  in  mature 
oat  residue.  But,  cellulose  and  hemicellu lose  contents  were 
opposite.  Lignin  waa  found  to  be  more  resistant  to 

drcompositlon  than  other  types  of  compounds  such  as 

cellulose  and  hemlcellulose  (Alsxander,  1977;  Kononova, 
1961:  Patha)c  et  al.,  19B6i  Waksnan  and  Gercetsen,  1931). 

The  greatest  amount  of  CO2  evolved  in  every  treatment 
was  during  the  first  10  days  of  incubation  (Table  4-1).  The 
exception  being  only  in  the  corn  residue  treatment  :rt:ete  a 
large  amount  of  CO2  was  evolved  for  up  to  20  days.  The 
respective  percentages  of  CO2  evolved  during  the  first  10 
days  of  incubation  from  corn,  oat,  rye  and  wheat  residues 
treatments  were  23.5,  39.6,  31.1  and  30.8%.  These  values 


W2C8  obtjlned  by  aubtcaeting  the  oontcol  fcocn  cjtiu1=i ciwe 
3iaount3  of  CO2  In  each  teeUue  Ccentnents  after  10  days 
of  incubation  and  dlvidiny  by  the  cunulatiee  amount  of  cOf 
in  the  sa.ne  tceatoents  minus  control  at  60  days  incubation 
and  multiplying  by  100. 

In  general,  the  amount  of  CO2  evolved  pec  day  in  every 
treatment  decreased  with  time.  This  implies  that  the  cate  of 
residue  decomposition  decraased  with  time.  Many  researchers 
reported  that  the  cate  of  decay  of  organic  matter  (including 
plant  residues)  in  soil  was  exponentially  decreased  with 
time  and  followed  the  first  order  kinetics  (Lynch,  1979j 


Reddy  et  al.  (1980)  also  reported  that  the 
decomposition  of  plant  residues  and  animal  wastes  had  two 
and  three  phases.  This  can  be  saen  in  the  data  presented  in 
Table  4-1,  where  Phase  1 was  between  1-10  days  and  phase  tl 
was  after  10  days  incubation.  Curvilinear  regression 
equations  for  the  different  residue  treatments  are  shown  in 
Figure  4-2.  A large  coefficient  tor  x implies  a high  coj 
evolution  rate.  in  general,  the  coefficients  for  the 


order  of  corn  > oat  > rye  > wheat  > control. 

Instead  of  using  the  values  of  CO2,  the  amounts  of 
COj-c  were  calculated  and  were  used  to  estimate  the  amount 
of  C loss  in  each  treatment.  The  amount  of  c loss  was 
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.issarosi  to  be  ?cspocClon4l  to  the  cate  oE  deooy  of  the 
tnatecldls.  The  conversion  of  COj  to  C0«-C  was  calcolatet!  by 
multiplying  the  values  of  COj  by  0.27  which  is  the  ratio  of 
C in  CO^.  The  actual  amount  of  C in  the  soil  an<l  in  the 
plant  residues  were  determined  earlier  [Chapter  ill)  . Carbon 
loss  from  each  treatment  was  measured  by  the  amount  of  CO2-C 
evolved.  These  data  ace  presented  in  Table  4-2.  It  was  noted 
that  the  percentage  of  CO2-C  evolved  from  corn,  oat,  rye  and 
wheat  residue  treatments  were  84. S,  77.0,  SS.l  and  32. ft, 
respectively.  These  values  represent  the  actual  percentage 
of  C or  organic  material  decomposed  during  60  days  under  the 
same  temperature  and  moisture  conditions  and  sa.me  soil  type. 
The  trend  of  decomposition  was  corn  > oat  > rye  > wheat  > 
control.  The  percentage  of  COj-C  released  from  the  control 
(no  rasidue)  treatment  was  only  3.3t.  It  seemed  that  iDost  of 
the  C in  the  control  treatment  was  unavailable  C and 
resistant  to  degradation. 

Comparisons  between  the  control  and  residue-treated 
treatments  showed  that  the  residue  treatments  decomposed 
about  10-26  times  faster  than  control.  If  the  incubation 
studies  were  carried  out  for  a longer  period,  say  for  one 
yr,  the  cate  of  C lost  from  the  residues  would  be  expected 
to  approach  the  values  in  the  control  treatment. 

These  data  show  that  under  the  same  conditions 
(tempacature,  moisture,  loading  rate,  slxe  of  the  materials 
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and  soil  typs]  the  decomposition  it  cocn  cesidue  i^ns  moce 
rapid  tnan  oetr  eye  and  wneac  after  10  days  o£  incubation. 
Residue  decomposition  was  exponentially  decreased  with  time 
as  measuced  by  the  amount  of  CO2  or  C02~C  evolued.  The 
results  also  showed  that  the  greater  the  C:N  ratios  the 
slower  the  decomposition  cate  (Table  4-2).  These  results  are 
in  agreement  with  the  earlier  results  published  by  Gaur  et 
al.  (19711,  Alexander  (1977)  and  White  (1984). 

CO^  Evolution  of  Soil-Residue  Types  and  Bates 

A similar  technique  was  followed  to  evaluate  the 
influence  of  residue  rate  on  the  rate  of  CO  2 evolution.  Mean 
values  of  cumulative  CO2  at  6D  days  of  incubation  by 
different  residue  cates  and  types  are  presented  in  Rtgure  4- 
3.  For  eacli  type  of  residue  treatment  the  average  amount  of 
CO  evolved  at  different  residue  cates  was  different.  These 
differences  are  shown  by  the  LSD  values  at  9 ■ 0.05.  The 
magnitude  of  the  difference  between  the  control  (no  residue) 
and  residue  cate  2.5  mt/ha  was  highest  with  cocn  residue  and 
lowest  in  wheat  reeidue. 

Figure  4-3  shows  that  for  all  residue  types,  the  trend 
of  cumulative  amount  of  CO2  evolved  at  60  days  incubation  as 
affected  by  residue  cate  was  in  the  order  of  7.5  > 5.0  > 
2.5  > 0 mt/ha.  For  each  residue  type,  the  percentage 
increase  of  cumulative  COn  in  every  2,5  mt/ha  increment  was 
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abojt  tha  sania  lJ3t),  snespt  betuaea  contcol  and  2.5  3it 
cssiJkia/ha.  The  pec;enta.je  inetaass  oE  CO2  evolved  betweo.a  0 
and  2.5  mt/ha  Eof  corn,  oat,  ryo  and  wheat  cesidoe  tcaatmeot 
was  about  98,  96,  55,  and  291,  respectively. 

A three  diinenBlonal  relationship  between  the  efEect  of 
residue  rate  and  incubation  tlrge  (days)  on  the  cu<nulative 
amount  o£  CO^  evolved  is  shown  in  Figure  4-i.  The 
cumulative  CO2  values  were  the  average  values  of  4 residua 
types  and  3 replicates.  It  was  observed  that  at  any  residue 
rate,  the  cumulative  CO2  values  were  Increased  when  the 
incubation  time  (days)  was  increased,  mie  values  were 
greater  in  the  highest  residue  rate  [7.5  mt/ha)  than  in  the 
lowest  residue  rate  (2.5  mt/ha). 

Oata  obtained  from  this  study  are  only  within  residue 
loading  rates  of  0-7.5  mt/ha.  For  rates  higher  than  7.5 
mt/ha,  the  trend  of  C02mvolved  cannot  be  predicted.  In 
previous  research,  higher  residue  application  rates 
decreased  decomposition  (Brown  and  Dichey,  1970;  Sroadbent 
and  BartholoiDsw,  1949;  Pul a-Glitenez  and  Chase,  1984). 

It  is  suggested  that  under  the  same  environmental 
conditions  the  decomposition  rates  of  corn,  oat,  rye  and 
wheat  residues  within  application  rates  of  0-7.5  mt/ha  were 
Increased  (P  • 0.05)  when  the  residua  rates  were  increased. 
Total  cumulative  CO ^ were  highest  for  the  7.5  mt/ha  of 
residue  and  lowest  at  2.5  mt/ha  of  residue. 


Figure  4-A.  Three  dimensional  relationsnip 

during  60  days  of  incubation^  The  C0„ 
values  were  the  average  of  3 replicaCea 
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CO?  8\rolutlQn  of  Soil-Rosidue  Types  with  M-Rat»~?3 

TO  collaborate  9lasshousa  studios  in?ol7ing  \ cstos, 
the  sane  N cates  and  source  were  used  In  the 
laboratory  study.  Effects  of  three  N cates  <0,  50,  and  108 
kg/ha)  on  the  amount  of  cunulatiue  CO^  evolved  In  60  days 
incubation  ace  shown  in  Figure  4-S.  In  all  residue 
treatnents,  increasing  cates  of  H applied  incteased  the 
amount  of  cumulative  CO,  evolved.  However,  in  the  control 
[no  residue)  treatment  the  effect  was  not  significant.  In 
the  control  tceatnent,  most  of  the  C in  the  soil  was  likaly 
in  the  form  of  a ligno-pcotein  complex  which  was  not 
completely  humified  (Ot.  T.L.  Yuan,  personal  communication]. 
Otganic  fractions  in  the  soil  wece  most  resistant  to 
decomposition  while  in  the  residue  tceated-soll  some  of  the 
organic  fractions  were  readily  decomposed.  Many  resoacrhecs 
have  repotted  that  the  addition  of  Inorganic  H did  not 
influence  the  degradation  of  lignin  in  plant  residues  and 
soils  (hlexandec,  1977;  Kononova,  1961;  Lynch,  1979; 
Haksman  and  Geccetsen,  1931). 

Figure  4-5  shows  that  the  percentage  increase  in  the 
amount  of  C0  2SVOlved  for  every  SO  kg  H/ha  for  all  residue 
types  was  about  12%.  This  implies  that  the  decomposition  of 
the  residues  was  increased  about  the  same  percentage  for 
every  50  kg  M/ha  added.  It  should  be  remembered  that  these 
results  were  only  tor  the  residue  application  cate  5.0  mt/ha 
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rat96  of  ceslduo  w^tre  not  ovalooted. 

Results  of  this  study  sho^tf  that  the  added  inocjanla  H 
enhanced  the  decomposition  of  corn,  oat,  eye  and  wheat 
residues.  Similar  results  were  reported  by  Wakman  and 
Gerretsen  (1931)  and  Haas  and  Adamson  (1972).  Other  reports 
showed  that  theca  was  no  effect  of  N on  crop  residue 
decomposition  (Fuiz-Glmenez  and  Chase,  19S4;  Parc  and 
Papendlck,  1970!  Smith  and  Douglas,  1971).  Conflicting 
results  may  have  been  due  to  several  factors  such  as 
temperatuce,  moisture,  soil  type,  source  and  rate  of  )1, 
application  rates,  size  and  type  of  residue  used,  and 
methods  of  application  to  soils. 

Conclusions 

lhas?  three  laboratory-incubation  studies  provide  some 
quantitative  information  regarding  the  decomposition  of 
residue  in  a sandy  soil.  Based  on  the  quantities  of  cOj 
evolved,  the  decomposition  of  four  residue  types  during  50 
days  of  incubation  were  in  the  order  of  corn  > oat  > rye  > 
wheat.  But  during  the  first  10  days  incubation  the  rates  of 
CO2  evolve  in  descending  order  were  oat  > corn  > eye  > 
wheat.  Decomposition  of  various  residue  types  depends  on  the 
amount  of  available  C in  each  residua  types  depends  on  the 
amount  of  available  C in  each  residue.  The  higher  the  amount 
of  available  C,  the  greater  the  decomposition  rate. 
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Rseldu^  also  affected  the  amount  of  CO  2 evoleed. 

Within  the  range  of  2. 5-7. 5 mt  cesldja/ha  the  anonnta  of  CC^ 
evolved  were  increased  by  the  residue  cate  (P  » Q.Q5]. 

Deconposltion  of  organic  C in  the  soil  alone  was  slower  than 
the  decomposition  of  soil  plus  residue  mixtures.  Residue 
decomposition  rates  based  on  CO,  evolution  per  day  were 

exponentially  decreased  with  time. 

addition  of  inorganic  W enhanced  the  residue 

decomposition  at  the  residue  cate  5.0  nt/ha.  However,  the 

decomposition  of  organic  matter  in  the  soil  was  not 

Influenced  by  the  addition  of  W.  Soil  organic  natter 
contained  C compounds  which  were  resistant  to  decomposition. 


CHAP?B^  V 

SBNER4L  SUMM^VK^  RNO  CONCLUSIONS 
Thtie  glasshaus?  rsxpet iments  waca  condacted  to  aaalaata 
the  effects  of  residue  type  and  rates  and  H rates  on  soil 
fertility  changes  and  corh  growth.  Crop  residues  used  were 
corn,  oat,  rye  and  wheat.  Residue  rates  applied  were  0,  2.3, 
5.0  and  7.5  tit/ha  and  N cates  were  0,  50  and  100  hg/ha.  The 

treatment  conhlnations  were  arranged  in  a factorial 
experiment  with  a randomised  complete  block  design  and  three 
replicates. 

The  first  crop  showed  that  dry  matter  production  was 
reduced  as  compared  to  the  second  and  third  crop.  Residue 
cate  had  no  effect  on  plant  dry  weight  in  the  first  crop, 
but  N rates  Increased  plant  Icy  matter  weights.  The  corn 
residue  treatment  produced  superior  plant  dry  weight 
relative  to  the  other  three  types  of  residues. 

Plant  P uptake  in  Crop  1 depended  on  all  three  factors 
(residue  type,  residue  rates,  and  N cates).  Corn  tissue  K 
uptake  in  Crop  1 was  increased  when  residue  rates  were 
increased.  For  the  residue  rata  treatment  of  7.5  iiit/ha,  the 
R uptake  was  about  50%  higher  Chan  in  Che  control. 

Soil  pa  in  all  three  crops  inotaased  when  the  amount  of 
residue  applied  increased.  The  highest  pH  was  obtained  from 
the  residue  cate  of  7.5  mt/ha.  The  reduction  of  1 a KCl 
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exehage^ble  9oU  M was  telatsd  to  tha  Inorsasa  in  pH  by  the 
addition  of  ocganls  nattar  (plant  casidaas) . One  3 XCl 
exchangeable  41  was  reduced  when  the  amount  of  residue  added 
increased . 

In  Crop  1,  Mehlich  I extractable  Ca  and  Mg  increased 
with  increasing  residue  rates.  Other  nutrients  (N,  P,  K,  Fe, 
Cu,  and  Zn)  were  not  affected  by  the  residue  rate.  Soil  Mg 
was  highest  in  the  wheat  treatment  and  lowest  in  tha  rye 
treatment.  Soil  Cu  was  highest  in  the  oat  treatment  and 
almost  the  same  in  corn,  rye  and  wheat  treatments. 

In  Crop  2,  plant  dry  weight  was  Increased  by  N rates. 
Increasing  H rates  from  0 to  100  kg/ha  increased  the  plant 
dry  weight  about  50».  Mehlich  I extractable  soil  K and  Ca 
were  dependent  upon  the  tesidoe  rate  and  residue  type. 

In  Crop  3,  plant  dry  weight  was  dependent  on  residua 
type,  residue  rate,  and  M rate  as  indicated  by  a strong  3- 
way  interaction  in  the  hdCWA.  Root  dry  weights  were  highest 
in  the  oat  residue  treatment  and  lowest  in  the  wheat  residue 
treatment.  Shootsroot  ratios  were  highest  in  the  wheat 
residue  treatment  and  lowest  in  the  corn  residue  treatment. 
Treatment  differences  might  be  related  to  the  nutrients 
released  by  crop  residues  in  tha  soil.  Mehlich  I extractable 
P,  Mg  and  2n  were  found  to  be  highest  in  corn,  corn  and 
wheat,  and  oat  treatments,  respectively.  The  amount  of  those 
extractable  elements  in  soil  was  related  to  the  original 
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Soil  buK  density  whith  jss  detecained  only  at  tbe  and 
oC  Ccop  3 decreased  with  increasing  residue  rates.  This 
implies  that  Increasing  residue  rates  applied  frois  0 to  7.5 
mt/ha  loproved  soil  attuctore  and  aeration  and  reduced 
coopactlon.  The  decrease  in  bulk  density  was  froio  1.29  Hg/i? 
to  1.21  Mg/n  . 

In  laboratory  incubation  studies,  during  the  first  32 
days  of  incubation  the  amount  of  COj  released  by  different 
residues  was  in  the  descending  order  of  oat  > corn  > rye  > 
wheat  > control  (no  residue) . On  the  other  hand,  the  trend 
was  changed  to  corn  > oat  > rye  > wheat  > control  when  the 
Incubation  period  was  between  32-60  days.  The  shift  of  the 
trend  by  corn  and  oat  residues  was  related  to  the  amount  of 
readily  available  C in  the  cesiduos. 

Oenerally,  residue  decomposition  as  measured  by  the 
amount  of  CO2  or  COj-C  evolved  was  eaponentlally  decreased 
with  time.  Decomposition  of  organic  matter  In  the  soil  was 
only  about  3.3%,  while  in  corn,  oat,  rye  and  wheat 
treatments  were  84.9,  77.0,  55.1  and  32.5%,  respectively. 
This  calculation  was  based  on  the  amount  of  COj-C  released 
from  the  original  amount  of  c in  the  treatments  and  same 
residue  rate  applied  [5.0  mt/ha). 

for  all  types  of  residue,  incteaeing  rates  of 
application  increased  the  cumulative  amounts  of  CO,  during 
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tne  60  days  a£  incubation.  The  percent  Incteaee  of 
cuoulati^e  amount  of  CO2  evol'/ed  between  the  contcol  (no 
residue)  and  the  residue  rate  of  2.5  rat/ha  for  corn,  oat, 
rye  and  wheat  were  about  98,  96,  55  and  299,  respectively. 

Addition  of  N enhanced  the  decorapoeition  of  corn,  oat, 
rye  and  wheat  residues.  But,  it  did  not  influence  the 
decomposition  of  organic  matter  in  the  soil  with  no  residue 
added.  Soil  organic  matter  contained  a high  amount  of 
resistant  C.  For  every  50  leg  N/ha  added,  the  amount  of  C02*C 
evolved  increased  by  about  12%. 

Prom  the  results  obtained  in  these  studies,  the 
following  conclusions  and  recommendations  esn  be  drawn: 

1.  Corn  residue  generally  contained  higher  nutrients 
than  oat,  rye  and  wheat.  Therefore,  among  these  tesUaes 
corn  is  the  best  type  to  be  used  by  farmers.  Corn  also 
decompossd  faster  than  the  other  three  residues. 

2.  Addition  of  crop  residues  to  a sandy  soil  reduced 
the  amount  of  1 K KCl  exchangeable  soil  A1  and  increased 


after  residue 
1 time  caused  a 


incorporation.  Planting  earlier 
reduction  in  corn  growth. 

4.  Addition  of  inorganic  N enhanced  the  decomposition 
of  these  residues  in  the  soil.  A !)  rate  of  50  !tg/ha  might  be 
sufficient  for  corn  residue  but  for  oat,  rye  and  wheat,  N 


cate  of  (tore  than  100  Kg/ha  tiay  be  cegulced  to  obtain 
optinum  corn  gcowth. 
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